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Co~_u ter orien t ed jystews ha ve created t he need for a c~oser 

intera.ction bet ween t.en and c om:,mters. l'his t hesis is a1. evalua -

tion of, and t~e resulting system desi gn o f one such sys teru e f he 

main portion of t h e desizn i s t ha t of the o~erutor' s di splay ·,nd 

contro l console for t his s ystem. I ncluded a ; a por tion of t he 

design p roblem is a comput er program f or t h e mechani zation of wir

ing data for construc ting t he c. i gi tal e quipment . 

The ope rator 's display and control co nso le i a presently being 

cons tructed by Oa ta 'is play , In corpora ted of .jain t Paul, hinnesota. 

The v. U thor ,Jishes to express his a ppre Ci i.J. tion to .t)ro f ess or 

l·ii tc hell L. Cotton of t he U •.. ) • .. u.val ost gra.,ua te 0 chool, a nd to 

hr. G. h . Grashorn of .;ata Dis"91·;.y , Inco r pora t ed for t heir r.a ny 

helpful s uggestions. 
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..L . uan-hachine Con, ... mHicat ions in a i~i tn l System 

The present use of co r;'lpute r s in most applica tiuns can be 

clas sifi ed as one of two ca te6ories: 

a. Off-line operations in which a preformulated problem and 

precede d groups of data are fed to the computer along with the pro 

grams f or processing the i nfo r mation. The compu t ation then ~ roce eds 

ac cordi ng to t he preplanned program, if a ll data a nd pro~rams a re 

co r r ec t. Up~n completion of a successful pro~ram, the desired re

s ults are then dumped from the computer memory to a n out put media 

fo r prin t ing a nd e valuation a t some l a ter time$ The extension of 

t hi s te chnique ha3 led to the "cl:)sed shop" co1r.pu ting c enter with 

t heir various "auto-monitor " pro~rams in which the individual who 

Vi ants t 1J.e problem so lve d never sees t l1e computer. '.L' L.is technique 

was prompted by t he expense of lar ~e digital comouter sa The cajor 

drawback to such a sc ne ffi e is tha t in writing n e w pro ~r~ms or trying 

to formulate new techniqueo f or ~o lving problems, there i~ a ~ood 

cha n c e fo r errors v,rhich will 110t u.. llow the procr·u., to run to c orn

ple tion and i .. ay not ,;i ve at..y indic'1 tion of tho..: rea.:.=>ons for s to_Jp~;....,e. 

The cost of off-line f ormulat ion and " de-bu 6 0inc;" may b e con."ider

a b l e in so~e circumstances. 

b. On-li1.e O})eratlons in ~,rhich t h e operator is vJOrl~ir~.~ in 

rea l tir:; e wit h t he co r-.puter on a real ti Le physic~l problem. .1.'l1is 

type of operation traditional ly employ s 0rogrRms which a re neces

s arily cobplex to take e v ery possi ble situat ion into consideration. 

l'he role of t he man i n this system has been t o make s i n:pl e 'yes-no'' 

or s i mil ar decisio n.J C:And to pro vide a r e<_ns of a cc omplishing tasks 
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ed uet..,;r by :ce ~,.s on .Jf Jiff1-

cul ty or just oversi ght. .t:xaw;)le;_, of on--li ne opera tior. . ar e the 

military .sy::;tems (i.e., ) ,G.r:., l<TD0, etc.) ..110 in:mstrial }H'Gcess 

controls. 

usuaLly in full time use by the sys tem due to th e s~ecial pur_ose 

nature of the equipl.len ts. 

rhere h a s been a recent trend to explore the pos~ib il itiea of 

utilizin~S th e be::;t poir.t.s of ooth tecr niuues L1 s;yste!.S lj.nking 

man and cor:-.puter tLore closely /1, 2/. In order to acco~pli3h this, 

t h e basic class of operation H1ust tend toward on-line o )era tion. 

By havin5 a closer link i'.i th t11e co: puter , the Ol)erator can r .. a.Ke 

decisions a t various poi1ts in the process based on real tiue feed

backs; examine ch·m3es in result..:> due to varying in~·uts or para-

1l1eters i n real time; pro,;r·:.un and cl'eck blocks of cvdinc..:;::; eadiJ..y 

before inteJration into a Rore cowplex program; and c~l- u~ and 

inspect large bloc ks of information ranJomly fr or.1 a l·~rze ue ory .. 

In order to acco:np.Lish this interaction bet;~eer, ... an ano. cow

put er wfli le kee~Jin_; the overall syst ere flexible -•.11d relatively 

inexpensive, certain requirements mttst be re t: ( a ) .-' ' .. e t L o d o f 

tirrl e sharing of tLe central computer must be i n1pleLented net·1er 

by prograrr..u11ing or hardware techniques. (b; Displuy ·u1d control 

eq uipments must be designe d to allow tl1e operat or to effectively 

commtmicdte complex idea.3 to the conlpu t er and to :J..llovJ the com

puter (through prop er program .. ing) to n.c:.t-:..e requests on o.c ,dsplay 

data to the operator. "h e first requ ireu1ent i s dictttted by t Le 

desire to perform on-line and off-line couputat i ons in ter:~ ce d i n 



time, 1:hile t r"e sec•..;nd is es;:;enti, l to an:y closely coordLwted man

compu t er sy,stem. ·.Che specifications of ti:.,e sh<Jr ins .sys tems have 

bee li developed in recent literature /,~b, .29 • It is t: e purpos e of 

this t hesis to develop de aign criteria arld to carry out t.b.e desi~n 

of a display and control console wi"i c h Cctn be applied to ·,wny 

different type prob lems. 

In a computer orient ed system the flow of information is ~s 

shown in Fi gure 1-1. 

1he wan-compu ter interface consists of two uni ue parts. fhe re 

mus t be a provision for t h e operator to communicate his desires to 

the computer, and the computer should have t he provi sion to disp lay 

results or ask for furt her instructioHs. L)pecific techni·. ues for 

a ccomplishing these functions will be discuss e d in Chapte r 2. 

In order to intelli sently use ~ny or all of the posoible infer

Illa tion available in a coul1Jlex system, t'r. e display HtJ.s t oe abl.e to 

selec t various portions of in for;. a tion re adily and eaoily., Tl1is 

means that t h e display con3ole itself shou l a be a complex buffer 

and should be able to control t Le computer's iiietnory a.nd pru~r0..ms . 

'I1he mai n control pro,;ral:.lS in the central compute r ahould to tail~.n·-

ed to the displ~y which in tur n should oe tailored to t he hu~an re

quireJflen ts f or ease of operation i:-\long ~d t h fl e...cib i l ity. 

Di splay updating may be 4one on any of the followin~ criteria : 

a. Upon re ceipt o f n ew data by the co:..nouter 

b . Upo n a real time interval 

c. Upon reque..;t f rom the display console 

r'riority consi dera tio ns in the case of radar or aut omatic inputs 

j 
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~i ve n equip.Hen t. me tho ,l fvr o·..rerridiL J 

..;.ny _pr-e~c.iected priority .3equence ;.,i tl10 t changing t he who.le oe-

·1 uence. 

'l'be cui,ount of irdorn1ation on a ,__,i ven clisplo.y l.!U.=., t oc selec t able 

b y t : a hlll!I:.tn opera tor. If there i~> too much in:forillation vr <J.nwant-

ed inforwa t ion rr•ixed with the de.s.Lred inforJ1ia tion , h e mus t o e ab le 

to rewove some portions of tLe overall dispJay or be able to excand 

a part of the display on a secondary display. ~ e should also nave 

control over selective port~o1.s of tne Jisplay in order to view 

tabular or otner infon;-ation at t he sawe tiJ·,e a gr8.PI~ical ji.splay 

is bein 5 produced. 

All of these factors nlwuld be con6idered iL tJ.e de::>i,:,H of a 

,_;iven marJ-COlilEJUter sy.ateLl '.'Jith the main ,~ui~e line.::> of the actual 

co1•.put er cl1aracteristics rtith vhich it is to Of'erate. 

d1e bro ,u requireJJJ.er.t for a11 ir.pt..t cievice is t!lat _[J. ,)iJerc:tor 

C~i.n reau.ily adapt tu it :,_nd C<Li cour.unicate his de.~ire..::; to the 

conputer in ar. effici~i.t ;,an~.er. r. is require.::> t-•L.t the devi.ce L.e 

uni ,uely labeled ~nd Jreferzbly ~ble to cal.i ir u ,,_ uence of sub-

routiues. 1'he r-_;e~ eral purpose (.3tored prot;;ratii) computer i.:> ':Jell 

,y iLserting al. executive prowralE 

into t he P1er ory, t.ile control keys can be uLiguely l.::,bcled to call 

out aPd execute desired portior.s of tr•e _t)ro_:;r;;u·,. 

the executive proc;rar.;, the fur.ctlors of L~e curtrol? c.;:;.n be chaic0 ed • 

.;0 by c=lan;ing the labeli .. ,; of the controls vii th aL ''ovcrl ,_yn, ... d'J 



L ..;:. ..... i t.LOL .. l 

1 •• etho d for .specifyi.Lt; infon. ""-tion to a co:·.puter is t.i'1at of -Allow-

ing the O.:_Jerator to dra:n liLes or syr:..bolG on a :iit:>pl ,y ..suri'.tce or 

some input "ske t c h pc..d'. .~n interpretive routine ir. t:1e com_tJuter 

woulu then have to p2r for:r. a - ~, t tern re covni tion, curve 1i t ti:1g, or 

o thar si~ilar operation be[ure t~~iL~ action . One ot~er desired 

control i~ c lose l y linked to the ditipl~y or out~ut Jevice. 

mu s t be a ~e t hod for interro~atinc tte coMputer abou t a point , a 

symbol, or .:.:.n c.. r ec.. on a dis1')lay for the .mr pGse of o otaining ~mpli

f y i ng i nformation about tht interrosated portion~ 

The requi r ements for a Ji.spl~y device are imposed by t1e user • 

.So rr.e of U1ese a. re physical re, uirerneLts ba...;e:J on the con:>tr .i11ts of 

h um.:1n react1on ti.Le ~ud vi..::ual re""olution, :rale ot 1 ey_ are b'-;sed on 

c lar i t y or reco~cition of iLiormttion 13/. J.
1 be.;e ; .J.Vt;; been listed 

wit h a brief expl ... na.tion of ec::tch. 

a. Selective 0ispl~y cap~ .ility: 

The com"::mter can c;e:t"er~te 1nd ~.ol~< ir: ito n.euory a 

l arg e amount of displdy infor1 at~on. 

ly use only a limit~d po1tion of t~e Lot~l supTly of d ta. ~toLe 

time . Fo r example, an ·=tircr..;.ft contruller 111a~r onl;y be interebted 

i n traf f ic within:_.. certain block of c-.ltituues; so, .i1e .:>hould be 

abl e to call iu to tLe dl.splay only tl e re· re_;er"tati.vu uf tno..se 

aircra f t wi t11in :.:ts volume of C011trol. 

b. l"ast response to co •• Land.;:;: 

When askin~ for a new piece of i1 for. :~t:.ior. oL .:;.t is-

pla y or \il:~en droppin6 .so, .. e outo . .::_t, d displc.' , t!.e res: onse to the 

0 



t1 .. e operG;.tor. •ve -co w<,_i t ~·or tr e COl'! t:o e 

execu.te d. cillU tLe ,li_jplay cha,:,;ed. 

c. Nuwber and size of the display ·,evices 3Huuld fit trle 

u.:>ag e re·-1uirer.,en ts: 

In a lar_;e syste1r1 :severu.l ir~"ividual o;era tors r..a;y oe 

ne eded for specific tasks. This function L.ay 0est oe iJu{)le: .. eHted 

by using a group of individual operator cunsoles workin 6 on uata 

from a central comput er and display generator. In sowe ~ystems, a 

group of specialists t1iay v:ant to arrive at an optiL.urt. decision 

based on inforruat ion on a central displ~~ . ~or thi~ purpose, ~ 

lar ._:.e sc reen displly i s neces . ..;<J.ry \Vith a po.ssibi li ty of inpui ti ng 

comJ:,uncL.. from one or mort;; input devices. 

u . fhe display should not flicker: 

rhe re t ection of in1a_;es by tLe eye is .sue til ,t .r R 

disp lc..y is refreshed at a rate of about 30 fr::.:..-es per G~COL.·, • o 

flicker will result. 1he fli~ker of a display will be denendent 

on the stora.se time of the display eleue:'-ts. r'or e xaJJ;_:;le, if a 

long persis-tence phosphor is used in a cathode ra;y tube di::;p.lay, 

the refresh rate require: .. ent is reduced, but the titre re·.uired to 

chang e the position of any point on the d. i spl~y or the whole ~isplay 

i s dete rmined by t he decay time of the ohosphor. This decay time 

is depenJent on the initial intensity of t he dic}lay. 

e. J·: esolution of the display should be greater tlE, n the 

resolving power of the eye: 

The eye can discri1 .ina te parallel lines separa tev. by 

7 



intervals e 1 :-:.1 to the lin<:: idth to 

3o for a single operdtor conGole, if tne i3p~ay surface iG con

sidere d to .:>e the b~se uf an isosce .... .::.:., trian_,le a:t .. A t t<:: eye to ~}e 

t he ape x of t.:~is tri ,_nsle (actually an i sosceleG cone), ao~Jroxi

mately 50~ of viewin~ ~n~le is included. This dictates tna t t~e 

displ ay should h,..~. ve at le::ist 2,000 "bins" for uniq·J_e storase i ri 

each direction. To p l ac e this into a d i 0ital r epre .s ent ation for 

comput er generat ion t he resolution should be at least 11 cits. 

f. The contrast and bri ·.htness saoul d be :sue:: t.1at u.1uer 

~rnbient light conditions, the ope rat or will Lot be subject to eye 

strain: 

The i11ten..>ity differenc e betv~een bnc ,_;rounJ aHJ in

formation should be on the order oi t hi rty to one for ncr~Al usa~e. 

If the arr1bien t lic;ht is hi.::;L, re f..Lections frOi'l t i'le ui..;play surL .. ce 

tend to 11 VJash out " this contras-~-~ "'- cat Lode ray tube uiG_t.Jl,y con

sole tha t is desi5ned to operate in normal ro om lishtil'~~ r:t.ed...; to 

incor.J?o rate a fast phosphor tl.a.t can be rai .3ed t o · :.igh in t~:;:u.:Jity 

level without producing an extended decay ti:,~e. 

g. Accuracy and distortion should be re duced to an 

acceptable level: 

ln any display system , t he ideal re.3ultinb di .splay 

would ha ve perfect r esist ration and focus a t hll points o f t he dis

play. This ~oal is rarely, if ever, attained due t~ hardware con

sideration3. For example, in a cathode ray tube ji~play t~ere i.s 

de f init e defocusing eff ect at tne eciges of t he tuce as L1e ~--.~.th 

length of the electroL beam is longer . ~l~o, the voltJ.ea Lo Tro-



dctce the des..._rc; v. a eL ctiur..s ir a_ ;-jlt2 ctro.t tic 

( o r conversely t :~e c urrer. t to p r oc;u ce def_;_ec ~ions i n "-'-n elc ctro

rna~ne ti c de fl ec tio .u tube ) do not vary li .ucc.~.rl y wit h th -: n.J Lu.c e 

fro m the cen ter of t h e tube /4 1. 

s at ion circuits in t ne co L t r0 l circui try whic h can redu ce t~e~ e 

conaition s to an ~cc e~ t ~bl e l e v e l. 

h . L'h e codin g .S}Joul d a.l lo .: f or 11 v a r iety of ~J resent ..:~.t ion s: 

.- 12 e requi re rH eJ t s fo r fl exib i lity en CO ilpas.s ;::; u_ch id e a.::; 

c:.s color, si ze , shape, intcr .. sity , p o:::;ition a r.d o rie ht&.ti on. -~~1d 

blink r ate as <J. r~eans of a ttrnctir.:::; o.tte~1 tim1 . .ioGt · __ ispl ays r. -

quire a ;:>et of sy1; ols for nc.rmal t.J.sc.ge. 'L'hese .·:ou1d b e nJ.ru1erG , 

tne .:.l l pl1a be t, and any f re qu.::Lt ly used .s y bo ls. I 1 a :-i i U.oH , o. 

symbols or l i ne drav1in__;s . I'he,,e nvectors" should alloH for olu.nh.-

ing portiuns o f the leng th whi le pro cee di ns &lon~ a ~lven dire c tion 

to enabl e LLe furtLer codi n g of lLteS i n t o das;led line.s . 

i. rhe fo r ma t f or t h e display sh<..Jlllci suit t he usabe r e-

quire rn en t9: 

Sone examples of formats a re text ual , t ~bulcir , craph i 

cal,'s i t uation cr o v erl~y mdp plus tiefi n in g symbol s , l i ne ~rawincs 

and diagrams , p3tternc of s ymbol s to show comple x si t u~ ti ons , ahd 

p ic tor i a l s ymbol s to shov1 t he 0 t atuG :=tnd con ditio n of r eraote 

e l err.en ts. rhe ;enerc.o.l c l ass i fi cat ion can oe t enr.:ed either fixed or 

free . The f ixed fo rma t i s considereti to be a t extLal or t~bular 

ty~ e whe r e au tou~t ic i n creffient ing a n d posi tioning of ~y~bola i ci 

accomplish e d on a set of constre.il1ts <.ecn ..• 1i ze d in to the h, ... r:-:.:are . 



he free J J:'li: t i...:: .ly i t .·o u._., 

feature v1'nicL t.'l...t -·t be- ~-8ne;_· t e d in t c co• .. ut~'.r • 

.1.':-1c n-._ii·~be r of O·l·,: r::lt or[.:; -,nd/o1· vie•:; ers o f'~ :. :.~1;-co. _t;ut,;r co11-

:>O l e .l'.J3 a dire ct ·:~ec:;.ri:t..g on the requ.ir(n,'- ts :.1.::> 11a::._. oeen previo u.sl,y 

no t ed . l:''or t r oup displays , o :)tic:--,1 11' () :· e c tion a nd e l..cc trolu. ::l-

r.E:scen t ~1anel.:> hc:.ve core int o u,_,~:..t, e as t he .:~ize of . irec t v.Levv 

c athode ray t ube3 ~r~ li1 .it ed by d eflection techni1ue~. 

of src~p ~i 3p l ays h ave been discus3e · i n recent _;~ol icationJ / 5 , 6/. 

rhi.s t heSiS ~~r ill Ji d CUu b o nly ~;iH0le operator, ciirect yj_e··;, non 

colore d c G.t'wd e ray tub.:: .<isplays . 

1 



2 . L'e c hnio v.e"' fer .. an-Con. u t ~I' o, ,, ._, nica t .. on 

larsely depenJent o n tLe ty:pe co •. -_:_)L ter beins J.;.se d i 11 .e systew. 

lfor no r t!J.:.,l cOH11..tmi.c ations ti.1e co '", ut er is in contro-L of t .• e data 

line s , :.;. nd tLe execuU ve pro~ra·~. '-s t sa __ n l e t ;-c e c;os.Jible input.s .t 

" pro8rcu:L .::: d 1 time interva l s. .fo r priority co r~u.~unicat ions , tr.e 

OJ:;erator ~:;hou ld have the ability to int~rrup t t l:c computer alHl in-

sert t he nec essary co~~ands . }he nature of a ny inp ut to t he c om-

puter ls one o f o. di :.:;i tnlly co u~a b i t pattern t.i.e~enden t or;. the 

set ting of ~witc hes or di ~ital e nc ode r s, ~nd ~~e iriti~tion of a 

co mr:1·-::..nd s wit ch. , Jood exam ~;l e o f t his type on:nuni cation iG the 

tl.tl ex:-

ce ~t ion to this straightlorn~rJ ln}ut tectnique i s that of e __ Jlo y

ing· a lsl\:etch po.~ 1 in .vhi ch t ne ir. mt ta::,~.J the form of ll.ove: .ent 

o f a .,rob e ove r u o.id_;Jl.'ly or .:u1 a nalop; sur1c..tc e. 

t 11e compu ter must S'-".mple the allo';atl le surface at 

enough so thi.i t nor m< ... l Jt.ot ion of t he ~ro be by t,. e operator __;el.er,;:_tes 

a smooth inpu t of cu,led posi t. iona l v a l v.es correspor1dLL_j to the ue -

sirea liEe.s being t rJ.ced by the pr ob e~ In the c ~d e of a d i re ct 

view ca t Hode rRy tube, t!1e ·,ro t1e is a l i ght sen;.::;itiv e ,'hoto - d io cie, 

and the com~ut er pro,,rar• r::us t d i s·9L q a raoter of poi n t s "tbuut the 

l ast recor de d po :sition of bJ e yrobe. Th e ne w ~o i~t is recoried ~s 

a fee d bac · of i r.forL a tion of t h e ;: o Gi tion i D t :--:e r:1ster whi ch co 

inciJe s wit ~ t h e p r obe . 

In or de r to produ ce a vi .sUill dL-.;p l ay on . c·.'Lt~wdc r a y tube 

11 



·J.St tCCv •f ... 1y ..-' C.L ~ 0.!. rir.ci e "'uire-

are: (a~ ,Jo.s.t t.i..o;.<: l L _·orr:u.tion , c,; J orr 
r e~.; 'e ct to so . ., e rerereuce oint; (b) coAe· i 1·u1.·r.::Ation s,Jecifyir.g 

character o r line t ype, i11te~sit y , and size of sym bo l or len 0 t h of 

liLe. Th e d isp l .. y c i rcuitry must b e able to dec ode t ~) i s in fonna-

tion and co n vert it s wean ing into t he neces bary ~eflection ~nd 

intensit y aiJnals to pro ~u ce the d~sire d sywbo l at t he S)eci f ied 

location. 

position~ l d e fl ection si nals. ·rhi::> c·1n be acco1r. !lis ·.ed by vol t age 

or curren t surnt. e rs in L Je :.;..nC:llo deflection cir cui try . 

of cat e __:.ori ~ in ,s the variou :S t e c hni ·1 ;,;_es for symool ~:_;eL.~.erators h~ ve 

bee n listed in recent publications /7 , 

pat terL, scannir.r.:,; r · -t er , w· veforus or struJ·.e .. , :.1.Ld .Jha;Jed beaJ,JG. 

In t.1e dot pattern r: ethod, tHe ayn.:bo L ;, c.;_re r.ade by jJOsi tior.iH'-' 

t L. e beam to a seque!J.Ce or' ~JositionL> d2iinin, the .sy. vOl e A. t eac11 

point in the s e ~u e 11c e t'lE. bearil iE, unbLu:~ed . 

of dots o ric n ted to form the des ired syrHbol. 'l'he forma tio n I.w;y use 

a cell of c omputer tneuJOry for eac h po int displ '.yed ab i 11 t ~1e .;,-'ill- -1 

console display /10/. 1.1 his ce t h o d is liluite a ir: 3~-'<::ecl to t l1 e St:Jeed 

0 f e a ch J:JC!!:o ry cycle e _n analoc; 1 .ethod fo r [; e nerat i n~; tLe J ot 

pattern has been devised vn ict. r,ct,<.:. e s use of re.:5istor rH: tvv or·~s /11/. 

~ combina tion o f scanning .~nd t t e d ot me thori are Js e d by the 

L,wor 3. tor~r · . .'or ..:.le c tr or.ic ~ L t.r eir S, .- .: ~::;;ym'Jol e;e .1er:; tor . _•'cr 

t .;is f'le t h o d e: .. c · syubo l i::: t' e set i s repre_,"r te,• oy a ,se.Lcct..:tble 

, .. 
..Lt-



i!: atri.< o f a: ,.netic c o r e.-:. . 

a d ot is to .3.1' ~~e <r in th e clL.rh c te r . 

while the beam in unb l <ct n k e d a.-o , :functi o u of t lte cv~~e0 . 

A v a r i a t i oh on t h e cor e s~..: _,uL L 'l,_, S jo te· . i s t h e 'Il J.L .C /1._/ . 

.c.& c :~ symbol i s a g a in re "Jret;ente d by a se lectao le -.. t -~ix uf a'-'Letic 

cores. ln t n j_ G e ner a to r , t he c ores a r e .-o u l tion eu so t!1c1.t ~d ey 

mak e a (iQuble o ut lin e of t he desired C11Ur a ct er . J.
1 .e 3elected 

matri x i s t h en .s c ·1 .nn e d by r ov·s , <~u3 altern:J. te core .:3 t ur n the b e c1r:1 

on a n d off. 'I'(-. is c ,c. u ;:;e s t l~ e fi, ;ur e t o be rn ... --..de U? o f .,ro up of 

par .J. l .Lel line se .:;r:.:.. n t s. 

by l.< s i ng _;:: y ir.g spot s c ;_ r t: er t e c hnl; u 0:; J 1 ; · . 

fi xed. iz e ~can1 i n~ raster i s ~o vei t o a s~o t oh t he ·e. e£~tJ r t uJ e 

portion · f the b ea.m tho. t ~:;oe .. .-; t hrou< h the iJ,J s, is foe 1,_ 0 c· o:u a 

p~:otomul tiplier , a nd t i _; ..:;i. n<;, l ic err· ·1ifiej to control t e i.~.1-

impo Ged on the posi tional info rJ~a t io n f or deflect ion S i ~nal - . fh e 

comoina Lion of int 12:r.-1 t y anc1 ci e f l e c t io n produce .3 t h e de s i r e d .__;ymboJ. 

on t he nispl .:2y . 

11 Callis c o pe' o f Linco l n Laborat ori e.s / l LI , l ·/ , L· e .~ym~ol ._;or:er&,<.....C 

of .St r ar ,d i.:. ::cine\:! ri n:~- Labor: tory , a: d t '~e .._;~rutcl ·ener·_, t or . f ~ .ta 

Display , I n c o r por ~ t ed. 1" e r.. e thods of ce1·ivi..:; th e de.LL ec t i on r:u1c ... 

bu t t: e re '.:. ult s ac h e v e .• u·e t:·e .S <l.Le . 

l 



unblankin 6 t he ;JeaJ., .t a st~.r tL. 

moviL . .::; t 1;e .;0·Hr. \'i!. il e i t l.S uno l an _ec. 

quire nultiple unblailJ\itL.:, · ud r· lanki n du .1.· in:.:; the forc .. at i o n ,.:0r i c,d . 

. 1.'1J e shape d beaL u.e t bo d Ls used e xtet .. ;; iv e l y i n the ruilit .ry 

<.l ispl.uy sy .::; tems (,...;ih-:l.t.. a11d .. l'll: ~ : . 

"Charactro n '' t u be /lb/. he tub e h a s a charac ter wat~lx within the 

tub e envelo p e. The character desired must b e s e l ect e d by ~osition-

i ng t fte beam to t h e associ a te d fi0v.r e i11 t h e musk b y d. SJ .. J . .L l 

electro ,3 tatic deflection .syster., . The ;)ea.lL is purposefully ~..Le 

focu..:.:; ed to obtain a l h.r t.~ e cro ss-- sectiona l ~" rea., and t h e s!:'laL1ed bea11. 

Lw. t .ets thro ugi1 t h e mask i .s in the outlin e of tLe ae1ect e(~ ·:;,r!.::Jbo l. 

This shap ed ue am is the11 r.u.gne tically de flecte d to t '1e de.>ired 

Fosit i o11 or~ t h e d isplay suri'?..ce . 

A c o~.par~tive ane: l ysis o f thes e systems ha.s .. een ac co mn.l i.s he d 

by Ijowe , -.3L'>s on and Horowitz /'7 / 'l\•Jo sys tents no t i ncluJed in t lti s 

apalysis are t he n3trand 1
' ,senera tor and t h e 11 D,)J' 1 _ene r Cltor . 'l'lte 

res pec t ive time s for 6encratinG a symbol with t h e s e s: stecs are 4v 

and 6 . 6 mi cro s e conds . These rates of 2:5 ,00 0 and l 5 0 , 00J ClH:trac ters 

p er sec ond co mpar e very favor a bly ~ith the o t h er syste~s. 

I n addi t ion to computer gener at e d d ispl~ys on cat hode ray 

tubes, a c ommon met ho d for the com pu t er to conv ey infor~ation to an 

oper ator i s through coded a n d labeled lig h t s. These ar e extremely 

e aay for a c ompu t er to i n itiate, and p r ovidi ng the wea ning is 

clea r, c an b e an economical and efficient way for t~ e co rn01ter to 

a lert t h e operator. The main d r Glwb ack for \.. Lis tec hni _ ·u.e i.s the 

rela t ive i nflexibility of the fee db ac k a nd the possibility u f 

14 



rater cu fu.:;J.on if t.h~rL. ·,tre n excc. ..... sive n .... be r of li t.:.; v 

t;.e cont rol con t> ole . 

l ) 



ll LC t 

e t.~c· 1 ... lCLt.l rc,, 

.L 1 ,;; u.r.i t will ;1ro vicle char~;tc t er and syw bo.:. JL3 r' la~l 

t"·.,cil i ties t0 t;Vter· ·:ith pro vision for di.r ect ciis-
_·lay of r d '1r videu :_,i;nc::_l-5 . ln acL:.ition , it 1.1il l 
fur ... ction co rro vi d e for c o.::-.ddmic<;~.tic:::::;; u-.:t•tJeer:, a •. 
ope r ator and a ce11tr.J.1. cc: .. -,u-: er • ...~.. 

h. re:::;c CJ. r CL a:1d de v elo,)rnent coL tr;::- ct' .J.:::J.S sub ~>e .u e r;.tly ~w I ,ed 

·:JtJr · cd in conjunctiu ..... 1i th , r . :ene Gra...; :·10rn ~_.f .u· ta .:J:::.s -~c..v , ln--

.::·.: ere are t0ree 

dis ti nct :,_o<.es of opera t i\JL iu:e:n~ed y t he rc; ~ir e !Yt<Jr, Uo: 

:J. . ·ro input ra:1ar .,;,nd to [.; rovi _ e for (l, 

olay of t i_e video i n & . .':I f,)rma t a nd (2) tLi..:, it iz.l11,:_; ,,f u.ny video 

return Vof.ilich !.Jay :;e cl.eb:::-' ...... ine(l t• >e a t .. r e t ~Y a. uete ct ioE t.tn i t 

so that t 'r1e computer 1.1ay a. t ~'pon the infor!'!l-"t ti on . 

b . 1'0 a llo . t·.e o:J cratol~ tu en ter im:-ol·. ,ation i i' t o t:1 e 

COli.JUter . 

c . 10 all,_··· t c cor.~mter to p re,>ent 'L. t ."l :o the .._, ),;ra tor 

c ·t.,o .. e r a y tL.. be cr by :..rTv':i.Ll~ ":.tL~~-

tion to cer tain in Ju t -e.fS of li-hts . 

1 
I • ~.; o t ton , I'e ch nical 1<eq uiret:.e n t 3 .JUl!li.,ar;y , 

and ii.Utouia.tion Laboratory , .tJP· 1 , ~ ·.Jb. , .L.Jv-' 
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r ,e fol ..Lu ll• r a'"" .tr .. t it Cl.rre tl.
1 

i nstaLLe '· , _ce t o a ct as 

inp ut s to the sys t e. : 

~\..l-l•,J_., 1 -.) u 

1;1eu e r adar ..> a re i.r_._.t lleo i n t he 1..a i n rad:::tl 1.--'-'~·-r~,tory , aLe- t: .e 

followinG i nforL'l...' tLon lhU.St oe mac\e av ti l able for u.__.e i.a the J ·- b) . 

a . ~zi.ulh infor~ation 

b . :'1·1ain ban _;" or ti. e uf pul ,e tr L3•.L.:sion 

.1itL noise intro ciu ced in t 11e pruc~s-

d. l ,..) . \.). 

'l' t.is 1 o in ; or.. . t ion c. Ll s t L e co n v crt e d t o · . i it :~ ~ ::_ c ~ for 

~or d i :=>.~.)lay .: .. ,: furt. er t.!.~:.:..I ,.,_,_er to L,e eli ,i ·t:nl p:co ce,.; .vrs. 

_'he di gi td. l c oi·.:_·ut ers i: c.._.CJ.Jra t e.::l in t..e syste...- -.~re ~-- .LJ. r ._;e 

scale scieHti f ic COH,J"Llter , t .e ontro 1 _,~.ott A C.J r oorc::ti....~H _L,_.Q4 / l'l/ 

a nd a :::Htlall aa ta ~Jro c~s0or, t he Control :Ja t a Cor -_:-Jo ra tion l vO / 1 ·) · 

These co mJuters commu nicate \•,i t h external eq u i _pmer1 t by P'J. r c..<.:le l 

data t rar.sfer liLes whi c h a re cor .. trolled by a sequer.ce of cor.trol 

signa ls . Also , an es~en tial part of tte sys tem is t ~ e Contro l ~ ta 

Corporat ; on 1607 ll1 a :sneti c t ape .c;y.stem w}. i ch cont :..~. i r,s circuit s f o r a 

nSa i e: li t e" o ye r "t tion bet een t e ll.O and tte 1601: /19/ . 

l n order to pe r for w a r. o · .< t ~) u t fro rr t he c o r;, ·. u t e r s t o u 1 · e o f a 

lllLber of 1:.e riphe r .1.l eq ui:t;· cn t s , t c follc)\';j_ nc:: ;:;e~ uer: ce mus t be 

p erformed: 
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a. 'o •.' u 1" i c .~. : ..Lon .s e t a· l i e .J. , . t t t e -; e r e 

(excluGive of a~i o t .crs) by a code' 

b . .Jata transferreu 'Lv ou t ;~u t lines, an.d a :...;i ~:nal out ·m t ·--···--

r eady i s sen t to all ~eripheral equipmen t. 

c . .~.', 1 e s e 1 e c t 8 d e . .., u i p ,.,; r t ( on 1 y ) r e c o : _,r 1 z e 0 t ; <::? E .. ~ .. <.t d y :_.. n d 

sic;nal ba c k to Lte co nuu t e r. 

d . 'l,h e compu te r, u:9on 1 ec ei ot u f the resume c>i Jc1al , t 'l e n 

dro ps t :1e d a tn. and re <'~ si,~nals ~tnd prepar es fo:r· the nex t v.'urd 

tr~nsfer, if any, 0r erely continues or t e interntl ro ,ram. 

equi:);;_eLt , Lle computer 'ro r.'.:'<.irl :'JUSt be r:ritten so t."' '.'. t it 1vo uS to 

see if any e quipJTen t Las data ready for in~n<t. l'hia .'JU.st i ,_, .. .Jne 

equi iJnJc:nts . 

pr e ..3er.ce of an input word, then aend." an ~.E ..... Lut r eque.,J t si_;aal .HiC.• 

3i~ni fieu t11a t j_ t \1as acceptea the data .· .. d .:J.l l ow.J t he e qui menl to 

dro p t h e :._;i ._.naL c> for i tG de:, t .t li11CE . This sequence mua t be re~eate. 

fo r eac h data 'Vo r cl ent ry. 

I n t ,e 1 6 04 an auclit i onal in .. m t . tude has be en utLL i z~'- . T'.is 

i s u~ e i nter r up t ldJ de . '.C! is interru nt ;!lode L~·us t be :;re (.>ell.cted by 

a sele ct cod e in t h e ro : ram. 

,· I'C'w .. J 

.t'or tion of the upper h . .-tl f of rJo r d nu:.i:.er sev~:r< o ~- the co, : u t ,, r e ... -

1 >-) 
.,) 



.iE:: t 0X.C t f co_,, 

DUI 'Jber c~ever, (rwte 

1~> co ,in .3hould 

place: ur :;o:u . it Oh ,1 jump c l.- n ,Jot 

t.Le , dcl.ce.ss of ,, r e ~ t •.) red .._, , u r , .1 · 1 tl e in t L- urt2 u1· )J.. 

t. e lo\.er h ~lf o.._> t..e ord. .ritL\::H SO 

th ctt it e1 •. :..u , ith ar, U.EGQll,ii-::ion l jump LO o....l-l..L IL .• L r .:ven 

I'Lus, after a ving been iuterrupted the oubroutine i_s er1tt.r-.:d, 

and after proces~>inc; the interrupt, t:1e control cc:·.n r·~turn to t1.e 

_pro6rc:tm step -.; icl·, we...:; beine; proces...;ed. <..~.t tl e ti. E. of ti a L ter-

rupt . 

.~c .. t e ..J -' .. 

sJ_ ;ned to ,er~oru its unction;, uf ~," ,l .!1 di l .. ~y. 

.J..~c J_ e~. lr .......... f I . ..-e.'lo..~, l .... _ ,e 

fulr1e::,s ani t ec.J.li~ab.Llit~· ' .en served to C<.ictc.~t.__ t e ~ "th·.J 1 ,jf 

us j r 0 L e ~a si c c r it e r L ..L r. t r e r .. 

t t·e ,sun-

I.L 1 e 

t he ui;;)pl..:ty ue refre.s11ed ev:ry ) r:lilJ.i...,ec • "..3 in orJer -cu u •tain a 

''flicke r free' ci1o1).1.ay i,J one tit ._t i.s "'et u ... t ,e res ponsc time u-"-

the eye. This dic ta te tL<At if the c .. isplay we e to c<iS_;:J1-Ay lext 

of 5 , Udv cnarac t ers at ,-;iJC oi t.3 per c t1;: rae t er, then the . it ra. te 

1';1 



active, llas a fila..Aimur tr·:1.:.:fcr rate v: ,.bout ,0,0v0 forty-ei:;:llt bit 

words per second or aoout 2,Loo,oou buff~red bits per second. The 

100 LaG a traiJt:;fer rate of about 80,0 J tvv2lve-bi t words .?er second 

or about 960,JJ0 bits per second (unbuffered). .lhus, it i.> seen 

that the 160 cun just burely do tLe static JiG~l·ty at the necesaary 

rate, and if any chan;e is needed in the aiv_plc...~r, a.;; \Jot..tld l:e the 

normal case for movinc; r~o..dar tar ,ets, it could not Lc..tintain .~ 

steady display. The 1 604 is not a..> crit i cal as it ha;3 a buffered 

output, bu t it still would be taxed in its buffer ing capabilities 

if ~ore than a sin6le channel is bcin6 used. 

rhe use of a self-contained Qemory also free.:> tte l0U4 fron 

the control subroutines which mu...st be returned to in order to re-

strtrt a dis pl.ay CJ'cle . This allows ·,.Jre proc,ra1'1 time for cor:._puta-

tion 3. (In a real tifc1e air traffic •,:ontrol systerr, ,1i.th H"'.:.ch one 

aircr J.ft, the computation times are critic<·l.) 

T e memory _pac."-a~e chosen v:as 'l 10.~4 ~ 24 bit ferrite core 

rnernory, lie ense d frou, Control )a ta "~)rpora tio.1. ~: e .:::ij z.e vn ..o 

chosen to compromise iJetv1een ti.e 12 · b:. t l00 and t l1e LJ-8- bit loJt.,.. 

'l'he cycle time of the meL.~ory is o. 4 r.1 · croueco1H~'""3 w icn is less than 

the 6 . b microseco11ds required to ui..:; ... ~_a.y a character. 'l'his allows 

a new memory cycle to be completed wHile the l_h-ot c.lc.tracter of the 

previous word is being diaplayed. Thus, for all characters to be 

painted, the total tL1e involved is: 

( 6 .l.; nd cro;.;econds per cl1ar,.-~.c ter) ( 4 ch:...ri:i.c. ters per Nord) 

(1024 words ~er cycle) ~2f milliseconds 
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l ) 

rri_._li._ecc.nd3 rec, !u1 ~. ,HJ.l. .trru t C,'[C c. five L•l-L-Li-

:-; tion 1~-

tion I ;c bor:J. tory i.'S .J.Oc.:t t eJ on t :.e fifth floor : lrec t.ly c • .;. ve the 

c omputinJ centar. 

o f this system are to 0~ located in th~t laioratory. Usa~e re-

quire1;ents dicte:..te tllat t..c 1 .J4 ;:ill not oe av: ilu .. l.e .:·or v::,c: at 

monitor pro~r~w). 'l'· i.s requ, 1 e.- a lockout be vaiLALJ.e o:c t 1e 

~..J. t elli te .;ys t e .-yst ,_, • " j_ 

l ockout s ~ecu~r~~-

c. o t t ( 'co t h c v >.l , t t e r s · , e .;:, t ~- L, h CO 

t he .J .J - u ;; • 1 

->.LS. 

he basic for.:at for . _ 

c..r. tLc ulS£ l..:y shu -'lo. .. ncL..~. ... e vectors : 3 '- l ;j C; · ~I' v C t IS, The 



require! e1. to uf cl , ..L ,lu.y t...; 

piece of infor ... vtt.l.O _ l . .:.. l.d.'/ed 110 .1..1 at 1.'ir.::>t o:;eeJ.• tilat 

should be a~ fol.Lo.1s: 

n ,;~i-tiun 
The nurn:.al usaL:e of inLorn:l.tion, ho ev.;;r , .-;:1v:-rs thc:tt tllerc LS 

us 1ally a rel~tionsrlp oetr1ee.n ,a~ cer.~t ' E- c e:;, of 1 .doL .at 0 •• .Ll 

the r.ort.wl t/pe d text or ' tr ·n J.lr e t. t ·:''1:3 ';ccn ,.·u :.e. l.!lt~..,.·, 

sesr.ents , the lucatiun Of t·e Jl_;;;t _,ieee 0 ifdurl•.O.ti ... .d L.:J c1·e-

mentally connec te d tr the previous o ne in some manner. 1'he special 

ca:se ·,;auld then be t: Ken :.J.S t >-te car .~-·iage ret urn • .'u.c t •1t: ty ~ , tax t 

or t he eLd o f a lir:..e se__:;. ent in t:.c ,<b._.~ve .;x les. JO OLl,/ . t 

t r e.::>e .._Jositio n s .:ould an ubbo ·~te 1_, catio11 ln. 1 e .<l.t', .. l.. 

e n;rmal 1 .. ode e ent 

to down, hils been incJ.Ltue.< i1. t,.c lC3i_,n. 

ln the case of vectvrs, sevt-r l L1ethocw 1 ere exa1ni:10u. L',"e 

5ener ... tion of the VC( tor..;; is to 'e .. mder co. uter ccntrol so that 

l'Le fol.lo .. il .. 

were t ·e three poosi ill leb. 

-~. ?riven a st l.rti.ll, )o, i~" on, :.et tlle cu .~puter ~:) c:c~iJ a 

cor ... .;.Jle t ely variable L1 • and D. Y. 

b. c iven a st trtiu, , c .iviOL, let t · e <v 

c. -.i ven c:.. star 

and L.l Y in l-1 5 de .:>r::;e -'-r.c ~·c en ts • 

of lenc;ths. 

c0c1e-i for 1.t ! .r~ 

;ter ----ec f.J a 

1 fy b.A 

l.L _ . e , 



, . e tho d .3 a. • <-.t. n d o • b o t b. r e t . .1.1 c :ier.:; or variub le lenc;th .l.u C.::e-

men tal counters in ti;eir construe; tion. 1-i.lSO, me t hoci a. u..:eClS a 

completely variable int eusi t y compensation over t he line le1"5th 

varia tions. Le thod c. needs increuen tal up a11d , .. own count ers ur .. l.Y, 

but needs counting rate c~aLses and intensity compensation fur ~acl1 

len~th of line to be drawn. 

Tl:e accuracies of n,et r oc1 s a. and b. are 2,re .At er , '::h' t t rte;/ 

sacrifice p&cking denoity, and t~ey requjre a greater J,ourt of 

hardware to construct. 

Using this criteria (-tlso l:ee~ i .. _, a six-bit coded v-.:ctor 

a ,_; e to Le corn._atible witc .. t'1e c.1, ... racter coding .:;ize), t he design 

incorporateJ VIa..;, that of l~etJ 0d c., but allu,;ir.u for an extre,uely 

short vector so that t he error coLtld be JJJini!itizea if t; e acc~racy 

VJe-..s needed. The use of increLental counters also s~~es ed~ler the 

se quential desiGnation of vectors for forming co~tinu0us lines . 

fhe requirement for both claracters and vectors aictated that 

a bi t bt:: s e t aside in eac· .. 5tring aesignator word for "mode". rhe 

det ~ils of display COJiJl~ wil~ b~ cuvered in det .. il in GLapter o. 

There srould_~tv10 -~L~_play tybes ,_o~]:L one _of_. hich i._; a 

direct slave to the radar inputs. Ina.::;r.uch as tl-lis 0y~:;ter:1 i-::. in 

part oein~ designed to allow investi,~ition un various di~it 1 pro

cessin g techni< -.• es in rad.::\r detection, the use Cor comJJarative 

diapl~ys is desirable. One display tube L.mst be av:;.ilable to ,,i_,-

_play video inform.:J.tion at any tiue between t~le ''I •. ain ban,_; 11 c.ti.ld tL.e 

u~axiHJum ranc;e tiwe (if r -d~.r inpL,t has been selvcted) . Juring t11is 

time, all display information from the internjl ruewor) mu~t be 
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n ct it~0L to ~ ~ A " t '- l c 

comrr:cn t c -::..1 J.. ttse...:> u f -''-

u f tu (::; fun(., t J. -~ n s 'it(.; . e s , .lli .· ..;;J 

ferreci tu ctf:> i~c:Jbo<.~.rd two . 

.l'Le c, racb:!r .8J'O'. 1: i l0 eler-.·e < to a l ' ·)i .L' 

l aJet, 

alo~ 6 iith special c lcter · tl_ cc ·rl te t:1e ey l 

uoards ar d their cod in 1•ill , ;lven ful.1. tre_, J,t i! -.1 , r 7. 

cl:i.spl.ayed ra .<.~.r J:Jre...>entntlon and -~o .e ''"e t noJ for 1~,.,-.; til. :. l 

ide.ii tif yin.s l'uin t.::. on the di 3 r;l ~J • 

a. l'raCK ball 

l;. .t LOto el\.:ctric l_l~ ~t ~un 

In tne tracK ball "'thod, two t>h0.ft .~u-.;.ition nco ·er cJ.re 

placed at ri ~ht aJJgl.t;.:3, .lrd a ball in cu:..tctc...t it~. 0L !lCOUt:.LS 

al l o ws tbe op rater (by ro~l.in, t~c oall> to osl ti0L L.e e, .cuders 

v ery accGr ,tely. 

control rihose centt:r is locate~.: at tl ,--. A, I. po....,itior. ii;en b, \.he 

e1,coders. 

t ' e synwol J. .J..:f I e cel.l.tered uv .r .. ny ooir•t 

second 3Ubru .... tiite tL~. ir.~crmati.o11 J..J to t .=r lle· .1 i..1-

forrw:·. tion vi' find a .. e vi',) Cell , .i c:.1 COl. t aL.G t >it> 0i1 t, • , !' · . , · 

t 

i t is positlonea b· 



l,ive circv..Lt l,__, L l .l l 

~ .. .A t -J c. 1 a c l .· ,, t... it c : 

TJ:-.e li~, t __, 'I1 is fa .... ter, 

ace racy is ea0~~r to uoe. 

~ ,s used i~ tle JJ· G5. 

< it 

dunn r~dar .~ta. In or er o oLtclln e3t l'i .. i~ 

p terG, ::... ,_., to J.et L·.~.e .. t tior. c.: t 

n J. 

1 .·e-

ni11 0 ) a tr.~c'" •CJ.lJ.. 

~ <d1 o. i· •• e com-

e.l li .. 1teu 

jt'.out 0 . ' '-' J: i ll ,_:, 

Jflil.or udificati..o.~.1G) l1 c; oc.e.1 proviJcu. buff~r· 

as..,uciated control circ·,_its o•. 1ld 1 e 

1 e radar 

proce.s.;:;L1g com. u.ter c~r L.en ca.:.J. fL·r tarzet:::. at ito 0 d. Lite. -e 

buffer me1 .. ury unit .;ust ave a L_.,t ace..:,:.::, t"l::e i·J order to acce~,t 

tre rece 1 1 0 . t. t.' . ·a . , 1' .s • .L he -...l.CC e Sci 

tirr,e r1eeds to be :1. t..e :lrder of __ 

to oe 1i ed. Tl:i...J er.~tire t C< l ' .c et v · d P er 

u 1 i_ t fro u 6 L, n G -:, r 1 r J. i p- flop L · c , ' i t 

fe ,_,ible as the 'Jar: ;i e or. 2 t ', 1 • t e " 1 :- er ·. f _; t v• 



l11 order to desir~i1 di ..Lta..L equipwel!ts to h1.ve 1.i:_,;_ CO'!l~;vnent 

pac!):ing deLs i t:r and at tbe ::>arr:e tiwe to :J.llov.r for e":l. ".Y ........ ir,ta.in-

C)..n ce, t h e cOHl~ .u t er iudus tr;y has dev8luped the fullowin::"i t echLi(, .).e. 

r he circuit s to be used are specified in terms uf tyre (.ulse 0r 

leve.J.. si2;;nal) a1:..d S_t)eed of re.spol se desired. _r'rurH t l e . ..:;e re 
1 
~i_re-

ments, a family uf circuits can oe desi'-'ned ~~~ ic'1 a.ce CvJ.i_fJettib..Le 

and w r.ich , bJ i 11 t ercor..r.e c tior , can _9erform tl:...e 1o_;i cctl fu.r1c tions 

AND, u1{, ur l,C'r. These circuits are then placed on 1J.cir .. ted circd.lt 

cards e ither singlely or i11 sn<all t;;roups. 

need only know the raran.eters and li[,·i tc.tions uf tLe f dil~ily uf 

logic cards i n order to specify the it:terconnection.s necesuc,ry to 

desit;n --t p'"'rticular ea ui pr..c.:11 t. T"be COllStruc tion is then colf· ~,leteu 

by uir·ing t~e ir .. terconnectioils on a chua.si...3 m .... de Uf' of lol~ic card 

.;;oc~~(;ts. In this way all active e.L8m-.:-'Jts ...tre un trie re~.tove.:-... tJle 

c a r l.s to allow for e,',SY replace." 8:- t vf a favl t:y '- ir "t<i t. 

'l'he logic card family u >ed in t e de .. '-';n of t1-•e iJ·--5 i.s 

L.ant·als /1'?, 18/ anu re ,or ted u~- h:· ". • 1'a.rrell /20 1
• 1 eae 

c ard3 are desi~ned to operate at cloc~ rates u~ to • ve ~e 0aCJcles 

.:.LS level t.i6no.l invc~rters. •rLe switchino •.J.elay is uetween 5'-) ar..d 

lGO nauoseconQS per card. ,_a.di t onal cards r1 ve Ucen develo, ed by 

Data lit>play , Incorporated for tite spec-ial u..co .... s nee·J.ed iil ttL::> 1J.L J.3. 

~hese are in two main cate~ories: 

car t~ s for drivin6 tLe dL:>_Jlay oe,-tc :'rw (b) a i'ast 0et .)_ c:.:::.rds to 

work at about 20 1 c ior tl e ii....;p:;_.ly of dic,itizei r, ... r infurl:tation. 
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~'':is is shorm in _ .:t.. re _;;_,. • E' t e !- • 
·" . -.. J..O · .r:. 

t o-f t · -; inver ,ior; i;:. ; en 

a·; e been co. I e t eo '- '_ e i.~ J. j_- r i, 

J .. y oe ['t. .) n..:i ba . .:;ed on ~ ,_ 
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• CHASSI ~l DO 65 

AOOO = A001 + A002 V205 + A101 N009 + A201 N10 9 J 1 J 0 SA 

A001 = AOOO J842 + A003 V205 + N108 + GNOE J 1 J06A 

A002 = A003 + AOOl N800 ~- J 1 L04A 
u A003 = A002 + AOOO N800 + GNDE + GNDE J 1 J 07 A )l.l 
~ 

~ A010 = AOll + A012 A003 V205 +Alii N009 + A211 N109 J 1 JOSC I-' 
(1) 

0 A011 = AOlO + A013 A003 V205 + N108 + GNDE J 1 J03A 
1--1) 

A012 = A013 + A011 N800 Jl K0 3C 
H 
::..~ 

A013 = A012 + AOlO N800 J 1 K0 3A 
~ 
"' A020 = A021 + A022 A013 A003 V205 + A121 N009 + A221 N109 J 1 L0 8A '"J 
('1- t-' · 
0 o:, A021 = AO?O + A023 A013 A003 V205 + Nl08 + GNDE • ' ' "' 7 • 

s:: ..J I LVI ~ 

: '1 
A022 = A023 + A021 N802 Cl (1) Jl LU6A 

VJ 0 

+ ;'' +-
A023 = A022 + A020 N800 J 1 L 06C . ).; I 

::s + 
f-' • A030 = A03 1 + A032 V215 + Al31 N009 + A231 N109 J 1 L OCJC N ,I 

)l.l 
c r A031 = A030 + A03~ V213 + N108 + GNOE :r-if ... ~i ,.:'::'! ~· ' J1 L09A t-' · 
0 
::: A032 = A033 + A031 N802 J 1 L 1 OC 
'1.1 

A033 = A032 + A030 N80 2 J 1 L 1 OA 1-oj 
0 
\.,~ A040 = A041 + A042 A033 V215 + A141 N009 + A241 N109 J 1 N08 A li 
)l.l 
0 A041 = A040 + A043 A033 V215 + N108 + GNDE J 1 M08A 

A042 = A043 + A040 N804 J 1 M0 9A 

A043 = A042 + A041 N802 J I t-10 9C 

AOSO = A051 + A052 V225 + A151 N019 + A251 N119 Jl N0 8C 

A051 = AOSO + A053 V215 + N118 + GND E J1 N0 9A 

A052 = A053 + A051 N804 J 1 N 0 7C 
··~·~· 1W'C'I'\~~ 

.,....,....... ~ 
.....,,........._....~~--lt"T"~~· 

•'.Joo· . -



.. 

CHASS I S I OIJ 61:> 

A 0 0 0 = r, 0 ·1 I + I\ 0 0 ~ V ?. 0 5 + l\ I 0 I f'lQ(} q + :420 1 ''i 1 07 
J i J 0:Jt\ 2 q Avv.:> , Auv l, 

AOOI '= t\'O OC J d l~/ -t· 1\003 V20S +N I CE: + GNDE· ~ 

J 1 ,J 06A 14 TO I 1 , H215 , A200 , AI OO , /\002, AO OO, 
'-' A00 2 = /\ 003 + /\001 t\1 80 0 
2 J 1 L04A ?2 
~ 

TU12, TOI O, 1\0 03, f\0 00, 
f-J 

A00 3 = A002 + 1\ 000 N800 + G ~ DE + GNOE CD 

0 J 1 J O-r A It I TO 13, .l\ 02 1, A020 , AO 1 1 , A0 10 , 1\002 , AOO I , 
~ 

A01 0 = A011 + /\01/ AOO' V20S + A11 1 NO(,q + A? 1 1 NIUC) 
J 1 J OSC 24 1\ 0 13 , 1\0 11, 

r. 

,::-- ,. ~ .... A0 11 = ~ 01 0 + /\ 0 13 A003 V20S t- N108 "+ Gi'luF: 
cr fJ. j 1 J0 3A 14 I U I :S, TUI?, I !2 l ~, A~ 10, 1\ I I C, AU 1/, l\ 0 10 , 

c A0 12 = t,GL3 + "'r'\ , ' ., • ..--..A A 

1--'-, 'i i\ V I I l'l()' ... ) v 
('I: j 1 "03C /2 TO I 1 , T 0 l (, , A01 3 , 6.0 10, 

t ~--

'-' 1-'· /\ 0 15 = •\012 + !\ C I G \J ~.;o 0 \7 1--
CD J 1 K 03t\ 22 AO'L l, /\020, t\ 0 12 , AO 1 1 , 
c A020 = 1\02 I + A0 22 AOl i A003 V? 0 5 + Al21 N009 + t\22 1 N109 ~ .., 

J 1 L 0 8 1\ 2 11 AC2 3; A0 2 I, 
~ = f\0 20 + i\023 A013 AOO.:S V205 + N1U8 + GND E >= A021 
..-.. J I L07A 14 H2 15 , A220, Al 20 , A0 22, A020 , 
1-' · 
0 A022 = /\ 023 + A0 21 N80 ::? 
he J 1 L06/\ 22 TOu l , J\023 , i\ 020 , ,., 
V • 

A0 23 = /\022 + AO? O NB DO 
J 1 L06C 22 TOO O, /\022, J\02 1, 

AO 10 = 1\0.::S 1 + A0 32 V? l 5 + Al 31 N0 09 + A231 NI 09 
J I L08C 24 1\J :S.) , /\ 031, 

A03 1 = /\ 03C + A0 33 V21 5 + ~ 10 8 + GMJ E 
J I L09A 14 T0 (! 2, H225 , A2 30, /\130, A032 , 1\ 0 30 , 

A032 = A033 + A0 31 N ~02 
J I L l OC 22 T0 0 3 , /\ (j33 , f\030, 
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1 2 NONE 
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~d 1 i ~ 210 1-J 
(!) 
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(: 
H.f t-o:_ 
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r· c 33 NC~~F 

1-· 
r-· 2 1 8 1 
llJ 
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22 204 1-' · 1/ 2 
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;:s 23 1 7 

24 29 

0 1 2 l 

6 1 NCf\E 

62 NCNF 

S?.h 3 2/3 

s 0 l~ NC i\E 
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J {) ~)- 0 4 

i-i\~J-GU 

Jtt(_,-u 1 

J06 - Cl 

J(J6-02 

JCil-12 

JC6-03 

J06- Ol~ 

L04-'-01 

L(Ht- 02 

J 06 - 11 

J 07-01 

J 07-02 

J 07-0 2 

JOl-0~ 

DLS TI ~l AfiCN 

J 06- 12 

J 09- l ? 

J 09-I? 

I 0 ~- 1? 

1(13 -1 2 

H05-0{, 

• . ' " r~ ' n r L-vu 

J t{ 1!2 

J 05- C6 

.) 07- 12 

J09- 1 1 

LOI-06 

G ~:D E: 

J07- 11 

J06-11 

J08-12 

L 0 ~~- (l S 

JOB- 11 

JOS-05 

c:.oE 

0 F. S I G N r~ T CO ~ I S 

AOOO TO J\ 0 0 1 

1\002 TO V2"05 

J\00 0 TO V?O':> 

l\00 0 Til NO()CJ 

.l1 l 0 1 T 0 N 0 0 9 

r~ C C 0 H; A ? t: 1 

14 2 v i T G i·i i v Y 

"ou 1 1u J'-~hL' 

AO O I f (J /\000 

AOO I Tv AOO_j 

i\00.5 TO V20S 

A 0 0 1 T 0 N I .0 8 

1\001 TO G'JOE 

1\ 002 TO t\00) 

•\ 0 0 2 T 0 A 0 0 1 

t\00 1 TO N~OO 

1\003 TO A002 

J\0 0 3 TO Nd OO 

t\003 TO AOOO 

i\003 TO G JCE 

~ h iRE LENGfH 

5 I iJCH ES 

6 1/2 l NCH E<) 

3 l/ 2 I NCH ES 

3 I •'iCIIf: S 

l I ;• I i ·~ Cl~ E S 

( I·~CHE~ 

,, I i·~ C i-i E S 

~ I 1/L I NCHE:S 

? . 

.5 

2 

d 

.J2 

6 

6 

2 

ll'lLHES 

[ I~ CHE S 

I ;'J C HE S 

I I'I C HE s 
I NCHES 

I NCHE S 

INCHES 

1,\lCHES 

8 INC:HES 

2 l/2 I 1JCHES 

2 

.J2 

lhCHES 

I 1'-i C.. H f: S 



5 . Ladar :onver.'->j or. U it 

des crio ed i n ~,;;·tapt er .5 , i . .:; ., (c.) t,.L.t o'· _r,_ct JL;p lay of t n p r o-

c 2.S3ec. v i deo on a , i ,i ~~.1 r o n :: rd 

.. kin~ av~,ilable to tl.e co·. uter th~ . i ·i~ 1 iJtforr, .. tion on a ralar 

r eL.trr- if it l ~ 

tion 0.1 tl•.e use of t' e ') J.R~' for cot.p ter u r,er"'L t e.· ini'or .. CA. tion. 

Tbe portion of tir:1e .,etvte er1 ,tart o: .sweerJ c: .. :6 t'.e 

be :iisplc~yed unst enerate a. ;i ·n ~::.. to lvc' o t ".r'Y 'er.1ory (;J.'cr-

.;;nee:; tot: e c...i>)lay . 

}·,a _, bee:1 je.:.:; i , r....::d. to irn ........ ude t::c ,e.-,~rc:.te ~ _J.L •J t ... •2·. o t at o::.e 

deui ,Lated d i sflay tuue . 'e tu F.re de~i .J•'' tc i ~ " fur· j_e L't ctnci 

" 1 '' f or ,ur :0 e. vf co .. a .. :i. , .. cice of ... · _j C.1 

tuae i..:> to ·Jre.::>en t L .. e dis ,_,_ ·. L -· o 1:rul e L e se of L.h e t .we 

l ater . T:1is " t ube bit'' CJLtrol.s t e intenoi ty ~;d 

<-.; t ed tuue b,y enablL. t e 'u. l ~r~. circuj Ly" t •. .·n 0 .e 

electron be,~ .. :. l :. J' it .: et. ,, v -;; CL) I ibon t' i:>Dlay 

deflect i on si ~r1-- ls to L e . ;e i~ ,,_te,·i t U •)L • '"~: ... r .) iLler--

rna tion is __;_es ircd, t. e r Jn·;e te 

r .... n.:o e. 
., 

·o t e .r et 

'lt..: c, 

l. 
... <.-'-...._ ~ay ~- ·~L ' ee e 

.J• 



· ,_, e t ' ott t ,J t.L t f " 0 Li l O..L t .e i i u. r aud.r 

counters to input to tll o .i.tloL re _...;ter v: t1 .: .i ltal to 

ana lo ; cul~vert..::1·s. :e ; e: t 11 o J. t ;n. t .1 -; o 1 di ;a b _ .: " the c~ . t , u t u l 

tuue 11 t ., 

_e ':. t.:e ra .~u· 

ode. 

is ;,:;;ener"ted i c rLus , t e l L . el'. al ii.s· 

pl ... y inforu.atio .. 1 caf .. '.o·, be .• l.3 · tyed on t,1be "O·' unt_i.l ", e ext 

se ,t::..:-.,,:...> a~·e: .srJ()Wn L. 1. i m·e ,J-1 alone ·,ith 

tl" e + i1 e required b.·. L1e r<.t•~ ~r to L>pl. y e·.c;1 tea ...• l'h.L::. i~> 

en tbe JrOt :,,__J.ti o •• rate of r ··l.r . 

1.'ne 1 .i.e r ci, rae ri3vlCS of 

r '1.dar to be :Jse1 'L' e r::;-

. i der of t.< e tc..tbte i 'i -1 ·i ;; lir::ti. . rv ,, rtiun 

uf i.r:.e 1.·e:.a.L.:Lr. ~ . or in3ert_; ·~ .. er.:tLed 

. ~ e. 

,, .. ..:; to 

..:~r eA. L J..e, l 

re 1 etlL.iun l . .cc~u c ...> ,, L t 1 <..-le, 

c tLe enCt-

a ted d . :lay lS , • 1•" of t,: ~l.: . .;. ':is L ii cct les --·~c...t tLe i n.1•Jr-

wation SJ;.ould be u·.i.tten iiLto tLe -~•-· or;y at t· .. o nlace.s tv ir.st.re 

that it 1 il.i be dL.lpi. :ye, . :-his techr.io.uc: vf ti.:.te . .>!,._ ril.LJ, li1. its 

the <:tmount of iHforL1d.tlJn t(lc~.t C<..l.n be ),, ·eri ;j ..:;.,.. on Lhe lo£. ~.:..r 

ran;e ~ . 



s·.'Ji t ch 

1 .Settira 

j_k. ~-~ ~0 

I 

L 

l 

•.4 

j_c_ 
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Rada. .J..S-

plu.y .rime 
t<eq uirewcr tE 
ir .• ·.icro-
3econd .... 

I . / . 

~tio of Time Ax.ai ., 
,_:, p s - 8 
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J·wr i zuJJ ta.::.. 

Hurizon tal td t., .. e n .c t c o 
( ic l<- 'l vl1ition.~ -"~:: ... ai.l.~tc 

Vertic.;al ·~8.1" _,j_ 1th 
( L, cJc ,re.; :) 

..: ~ak •.JWer 
\in :d.L.LU .. tt,.::i) 

_. ul.se ·idth 
( i r ,._ L c r u G e c v • '- ~ , 

. ·uJ.se ~e peti tlon 1' requeucy 
~ ;, c_,rc.le.__> .:er sec(-11d) 

"xp.:: c ted 1. L,__,e 

,i .. !.; 1 les for-'- vql.a.r.: eter (.. r ':?t) 

Fi__,ure -2 
Chara ct eri~tlcs ur 
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cla. ·.si.ficd r o. , rs. 

l'Le :natL.c.1 ....... 

a~.imuth irLot· -~tio~. ir:. the fol'l .. of ft .,c,;·d tion fru .. ! the 

rafl· .r. 

ve~.l ue s are ti',en ..... lLtiplied'' by a .sEo.rie.- of ra ... ,_,e ~ ..... ~se . .J ._,_r 3UC1-

a ,•anner Uwt counters beir-g driven by L.e r1ulti 1~~i2r.., hol tbe 

results .. ~ ( sine ¢ ; = ! , _..nd • (cosine ¢) X. .en t e r:~L ;e count~r 

reacr,es its ll.axiwum "'1lue 8.3 de t er; .ir.ed y the rar ... ~e . .:>','ii tell, the 

ra ·.ge counter i.:_; c~e3.red, and t!1e ~\: and 1 counters :l.l'C tt1en die-

connected from the di ital analo:::; c0nv 2rters by the 'er . .. .l.~ ra J.o.r" 

flip-flop pre·1ion ·ly d esc.c .:d' ed. 

fo..:·!Y. s •• o.m iD t i,_;ure ::;-3. 

~n~ in Y curreciponii~G to tG~ ll its. 11-:is ive.'.J a ~'(;G i~_-le 

acc ura cy o f ! 1 ~ L3.rtical ·i _; J. ~ 

. . . + 7 acc uracles lnc.cea..::.L. 0 to - • j ; aru OL the four .. dl"- ran ~· 

act u._;;._l accuracy of tr..-- vi.ieo J.isf.lay ·.ithout a vi.1eo rocc~, r i1.-

cor porated t o use only tr·e centl·oi 1. u.: t. e rai.ar :cetu.!'n is .. inly 

ran.;e fr~r:.i o1.e to four 1.:icrosecunc.s ~ s~e 1 l_;ure 5-2,' • l t'l a re-

+ 
... mlt i n t:; pos .ib l e error of a~)proxi. te.ly - 1/1.2 mile to - l 1

_) r:J.ile. 

Tl e heart of thi.s sys te:o is t. e ran< e coun te:c an J the o . .=.cil--

l.1tor drivin6 t e cvunter. ;-:.e elect. freqltsncy r-::' ..!ired tv c .• btain 



the accuracie., needed >=> c;.v. ('. 

different bit l:.osition:..; of t·.c: cour.ter tr ·_er the l~a(.e ; .. ult..i-

plier .:!lic h results in full scale d(; fle c tiuns for the c o.::;e n ra1 ... :,e . 

The r .. d<J.r section of the lo ,ic is tHe unit that detc:rrr1L1~.i the t:eeci 

f o r the new ~~eries of fc-l3t cc..r '.s ..;.i....,cv.s.:;eo. in _,ha.[)ter Lj. . 1'1Je 

s wit c hin 0 t i. w .s o f t ~. e s e 1 o _:; _ c c ~ r us , ere r e qui .c e d t o b e L u c ' . f . 3 t e r 

in the counters · .. her. tl e r_ost ai~nifica .. t bit cn.an ::;es . ( ~ee ~· l~ure 

'1'hese s pikes (or "blivet- ) .::;Lou.ld be red,.ced L·1 wi dth e11ous. tu be 

in~ignificant by the f~3t c~rds. 

':rhe r equ iremen t of ll l:•l ts of ::>.ccuracy r·or the azi .•. utL infor-

.... ":t ti on r equires :_,c c eli' a cy to u .17 1 c;rees. e az i .u th i1" fc..nr .. .t tion 

av n.ilable fro tl ,e raJ: rs i .. , ln t t..; fvrt., of )\..' CJ'- _e-::> i --r ::;ecu.1.1d 

irom t h e com.~..,u11ents. It is evide t t. en tu<A.t the av _._iL~- .J..e ·.c.:.-

rac y of Lle .. <I'J..L ini'urL ... t •on i ~ r:• t uite rrec ._,e en.J ,_,h for '- · e 

GyL>ter.; requireJ.•.::nts. 

torque and itler tia loaJs of t •.e s ... ft t)03i L.o1. c:nco..icr 1·e lr·e a 

hi gb ijai n ;::;ervo-s~ ste., t , ln ordel' to fLti'J .sh 

t l:. e r:; ;d c llli a. c c m . c ~· at : , i t a h 1-.: " t. ~ L~ vel s t 0 L e 

e ~- c h o f t h ·~ r ad ~ r i Lp u. t s , _ t c ._ ' c ~ & ::., a r y t u c: .1 vert t. e i J , cl i , i ' 

c c r 1 c y s ~~ ' . c , r o 

u.::;ed for 
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E:i •• i i tc..... .l. l~ -~ f 0 .e J.LCl t 

.Ln t ·e i<L-·.:::.t '-'rder bit _L ti f C'J.U,.;C. ,:j_ CUI'.i.',, 

i G.J:i tic.,ns. 1' or t.: ·"'- -- J.l.e: a chan::,e vf tlte Y counter 

fro1. -1Jlllllll to 010000000, tvvo possibilitiec; , ay occur if the 

circuits concerLcJ ~ave a l~r difference in rive tiwe.s. 

1. ihe CJrry oits may b~ too fabt resultin i~ the value 

of dllllJ.lll fo;:· .:.111 iw3tar,t. 

ll:..e carl y ·ci ts may b-:- tu _. slu v'. re.sul tin,:, in tlte Vc:j.lue 

of OOuJUOuOG for an inGtant. 

dUllll..Lll 

.;.•_i_gure -4 

.t<'vrr:,ation of "Llivet;;:; ' ' 



furnisbeJ cl.ll acc·urate Ol.~ ,, c..ed ~{nc'To 0 ltput . 

s 1 ecifje d to be a 40U cycles ctro si. n&l fort· e long crtLle run 

fro ... the a\.Lar Laboratory tv t '~ n ,iL .. l Co11trol -:tr:( .utOI.ation 

Laborator;;. 

for drivit 

_..,_ co.I ercial : i 

tne encoder ,mit ir. tre .-c5. 

Tr.e re1."ainin; requj re, .eLl thu. t tl1e di i tal r~ dar infor" tion 

be made availa bl e to the cowputer ha.:5 been imple .. e11tt;d bj br1tin~ 

the 11 bits 0f ~ .nd 11 bits of Y to &tora~e re 6 isters upon re-

ceipt of a Gi.~n 1 si-:;nifyin::; trlc £.re3---nce of a ._..ossible tbr 0 et. 

This sigr_al v1ill be ·ener-...ted ~r~Jill ra~i video by an -l·utorr.atic d e 

t ee tor which is de.?l. ned to L·1. ..)er w:,e~, c er L ··in con ii ti ons --- re 

~et, sucJ as awplitude, slope Jf si~nal e :velo~e , or coltrinaLiunJ 

. e , tudj of optimm uuto-d~;;tect.ion :J.nitu 

rhe ..:~eLeCtion 

ed 

unit.J are to be r~,oricat·~d on ...; ,arlde;_rd cotnputer car . ..; ~1d l..._·c._t_tiol ~, 

for t Lese c i r c u.i t G r. < v e b ct. n l. ~ 1 t l n tl e ope r · t t u r ' ,, c <...· n w ole of t . e 

.u. R. Brig'-;s. It i::, a tnre ,rL.old detector .Jil.. c vul ... ..: .. ;e vari.:.tnle 

false alan1 rate. 't'llis unit ,ill ·.Je u.Jed or.. initial te_, .J c:u •. J lci 

co c ...tr. en te d in a 3 e -,rate r e ~ crt I l /. 

lD t h e sy.JteLl desi 0 1• :i.t w.', , ;.3ULteJ t hat ei ther the l ,J or 

16Qi; c;oui:1 be called 01. to roceaG t• e :cadar- d.1ta; .:jo t e X andY 

t e carr •. ut Jrs 

iuG tec::.u of . acking therr. lr:to a > ) t ·'r0r ·• 



t l E: t uu ;·.i thvut 

exce3~ive sh i f t in~ of bits. i'Le re ue~ot by t .. e cc.it,~uter for rado.r 

t he Y information J..ll d two-,rord broup. 

Prevision hc::.s been left fur exten lir. 0 ttJe ..,te, c,~u:nt2l' tc- a 

thre e-wc-rc. radar .:.;e .. uence. 

containing ;:,o:..e ., easure of e.i.evu. tivn an le Jr ei ll t Ld'or,.uJ. t .i.on, 

to be sent to the com;:mter for _I.Jroce:>~i.n _; '.', .en u3ic" tl:e u 1.;. 26 or 

rrhe output re:._.ister of tlte _)_j .• j i it .~ ts '3et ... side 

fur tLis purpose. 'cnalu· 

to :li )tal cor1versioL o: ;::,e r.1.w d .. t~~ i .. to ci .·t bits ._;,f '.._i it l 

;"~te: ccut-rollec1 b: t '." r d .__; u u. , t t e 

step courter to ed1ble the ..:..ire--; to t..e uu+. ,ut re ·.::Jl.er (s"_, _/j __ ~ 

ure ~-5). 

t7 



11 -~u c, . eprc: :>e nt~-

t ion uf ·~eam ....J..LeVc-.J.tJ_ur~ 

at l1 l.m~ v f ·.J. ·..:t r 6et 

I 1 
1.nal o , to 

Digital 1 ~?l,--~ 
;or.ver .. :do·. / _j 
-----~- ~ hil-S 

I ~ .lE 0 t I of Gate._.. 

---/\·---

'atal.JJJt€ tv utlut 
ef_; .. ·~ t<;:r 0 - )c -v5 

... c.. t es to Y \.. tes 

Target oct, - .•,' -L~ h __ _,c___ ~~-- yr---1:0__ ~~· 
.Prese.at ~4 ,_ -?j J.---

:-..c: dar /' 
~elected. 

Control : Co. trol Cu11t.rol 

.::""li~Flop 

;~ 

L 
.Lil:i:p-}1o p 1 

~ .1 i I r -L=-- --

.. c~L .e :;, j_ _ G frulll 

Co.:11 L.L ... r .. cce·.tin D<Ltc· 

..!r~sent ~O._)lc .LHC.J... ..... \.183 un ~ 1.::.. A . a Y contr'-'.1. .li J-l..Lop.,:; • 

1'~ 1 ~ r, : -> e t side c f f .L ~ p- _,_· ..L v 
i •J lv\ler e. 

ecess::~.r,. 

..r i·,u.L·e 7-' 
G~..LC for ~~d~t.oL u 
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u. J)esi ._ of 

l'his 

me. ory :_;iz e i s l ,24 x 2Lt. 1\'erefore, L order to r' i ..Ll tHC; e.:ory 

wit~ irfor ~tion , )l? v• 

t l: e Contro l ) ta ·.orpor ~t..:ior. l'-04 or .) , L;_~ \or·~, of 1.2 ui . .> eac., 

wot< l d be !'equ_red L'OJrJ t.he :ontrol a1.ta Cor:yoratio:. 1~0. }.Hy u_-

t.;e cc;m uter. to tho:. 

ir: to t~.e me. ory. 

e or.t3 ce .. e . .t .:y t e .:teco J...i•J lo ,ic 

iG 4() bit t>. l'l1is requiroe:,ent i.-3 d.icL'.l.ted by L.. e fact t::, .... t the 

This t:~c~i _i.ite> the 

.• o 1·:as n.er: tion8d reviousl , t .. e fo1, __,_ t icn of the c.J:..:r:J.c tc rs 

or vectors 3.re ~roo ed intu "...;t.cin ·o' _lle first worJ of eac 

( see l''j __ u.1e _.-1) 'i'h's 

furni she.s t '1e cort:col i c;rr·:;=.tti-.):~ h, th= 6ecG :i .... o::o::c to Jreo .. re 

for uispl yirJ.
0 

t Le i r. _ l :c.::., tion . £,o charact~rs a~ v2ctors c.n also 

mcvin~; .3'· •.. bol . 

word" are con3idered to be ·tri.·--' vtorJ.:; . rhey C"'ll .::tVe ~(J to .Jever. 

c ha .. .-acters or vec toro ~Jac. ~d into eac1 :10rd. 

only oeven .j;' OJ. the ei.::: t .>os~>ible syr:bc)J_o is t · .e 1·.ee'-- to be ~:.ble to 



J l.:i 1 ••• L • I \ _l-1 

1..-1 t ~it;s .r'or 
i. r.i ti c:tl :,.: 
flosi tivn 

c l .r,~c ter o r 
vector co .e...; 

_l ______ l _...._~ 1__.___~ 2 

\ tcharc,c~ < r l.11 t c .. ;i t :y 
\ \.L I •. t) 

Char.·, ct er ,)ize 
(2 bits) 

C a. r ·"'cter Incret..c::nt 
( l bit) 

I I 

it._ for 
i r,i t j_al (:~!E -

:._.,r·· :;J.Oll'C..,:J 

·i_ n .J ,_ -c; 1) 

~ 

II II 

hi:: cr.! cter or n~CtvJ. C. ·es 
-. 
j _, 

1 

.,.. 
( 

)ib3 Jor 
ir:i t 1. ·.1 Y 
rw.J i t io n 
~ ~ 

,e ')i -· tor Sit (. ;....}....'Jc..YS 1 
ir c._c;,:;i .. • ·;.t ur ·ord) 
o·) e ( l oi t) 

"v.be C~ ,)i t) 

l 
I 

/ I 

'_.; ... ; ..... ~ .. t; 

bits 

... Ji .1::..t.•;r i t (iJ.iVn:.ty." v 

ir; .~ trin .. ;, or\i I 
oJe ( 1 1 i t ) 

LlLe l~ L·i t) 

Ho i e: 0 - c har. ct er (el lO..~..cu .1.0 ic t o de; code t r:e C!.c:'..r ctc r infor
,,a tio l-: co.-e::.) 

~'ube: 

1 - '!e ctor rr.• .• \c (cn ... blc.:.; lo ic t o decu,:e t l,:: v ecto r i :.;for n!a
t~or: ) 

0 - Dicpla~ the 3tored informat ion en ief~ tu~ e 

l - D:i~p..L ,y tr e stu· ...: :. ir:forr .. atiu n on ri.;hl. tub e 

cc •. ter c;_,: th e tuce ( ~ .i.J.. n .,it i s £:ositj ve .nd l 1 , ne Ji.t 1 ve, . 

Liiti:..;.l J •• euo1·y a ·J.res·_; 01 ~)u - u) L .'3t · '· _;· ~~cil'ied o r e:_ c 

1'' e .>tc:..~:.. -~ of c~ , ecucivt; cr ~, i ....; L .. cre-

5u 



uni que l:: recogniz. e U;,e de..si 6 1.ator bit 'J". 

renhin 11 0" i F ail ·~ trin; ,, ords. 

I n order t o ~aK e corrections or up~a t e any oa r t of a strifi 6 , 

t he r1h ole cor r ected st r iu..; must :"Je read icto the display , ,ewory. 

Chis i s due to t he i ncrez.cn tal .. echaniz.c. tior• of the addre·.o _; counter. 

On Ly the deGi~nator ~ord contains an address referen c e fo r t1 e 

On c e :.:t strin~ of c:L31:;lcy .:ords has been set up t o read 

i n to t he uJel,;o r y , t!le addr e.:..;s cour .. ter i s incre: .. cnted a;.1 each 24 bits 

I'h e desibn& tor \'lord also CG.i tai1:s th e initial l'Osi t iornn,._, in-

formatio n for ti'lC strin,:. i'ne ini tL.<l position ~-:: f t: e s t rin._:; is 

s pe ci f i ed by nine bits o f nd nine .Ji ts of Y. rids allo.1s a 

p o s itio n t o be selec t ed to ,.ittin l/51 2 of the us ab~e scope f .ce. 

Th e usa~le por t ion of a 12-inch diamet er t ube is a dQU~r e raster 

abo ut o . 5 in c res . This allo~s the position of any syffibols to be 

des i gna t ed t o within ,J.Ol65 incLe.s . 

L;,e clwice of tube to Llisplay the i nformation and th e mude 

( i . e ., c ·o i c e of I'Jhether tl~e in~·Grm.:t tion is a char<:;.cter or vector 

s t ring) mus t be r epeated i n each word of t te strins . ;:·be ap~.ro-

pri a t e c o d ing f o r these are ti~own in Fizur e C-1 . 

rr he ve c t or node and t:1e c~ a r acter increr~1enting portion of t1,e 

c har a c te r mode use t:;e 0~ur.e lo;i cal packa g e s . The se are a 1-'ct::._.r. u.f 

nine b i t p osit ion counters . The X and Y p o s it i on c ounter s are i n-

itially ~ et t o t he position specified i n t h e desi gna t or wo r d for a 

s trin~ . rhe out puts of tnei:; e counte r s Jrive the ,)osition regist ers 

o f t he di git <J.l-an:t l o.._; conver t ers for t he displ a y t ubes ( s e e :F'i ;;-

5 1 



ur e -1). ue 

dec c ct i u.~ circuit s. 

Th e v ector Lvde re qu~res on. y ini tiJl 101i tion i niorlli ti o n 

fro rr.. t__e desi i n , tor ·" 0r d . .1-Le for,.1 tioE of 

unblan. ~i n '-; t ;- e b e <-.l.r~. c<.ltd t he 1 rr.o v ing i t : :Lre c t iun and d i ... tu.nc e as 

spec1 f i e~ b) a s i x - bit ve c ~or c o de . 

WL:.ile the ne x t six-bit ve ctor code is bron_~·, t L1to the d.ecv•..le 

lo ..:> i c. 

word is encoun t e r ed . l' h L,; t e c rm i q u c pro j L. c ~= 3 l l i n e b .1 ,3 t '1.r t i n__; 

e a c h n ew Ge<_yu:;.n t f ro m t• e end o i L t of t: e 1 .'3...:; t ( :-;ee ./ i t,ure .. - 2) . 

I' he blan :' wor ds be t we e n t; e P. n~: o f u. ny in fo r ti.S. t io n <:tnd t te next 

de..;ignat o r ;;:o r d Cr.L:s e s no ~rG 1 •lcL'l ao t he '0 i co : e i n e i LJ.?l' t. e 

ve ctor o r cl."l.r .. cter , 0 1.Le .. 0 ·, n ot Lmhl, . .L, tr.e ben.m even t, ou)J. t .e 

po .::-; i tion c o u nters r. ,y be .Lncre:l 2 . ting. 

1h e v ec tor dec. 0.e lo •.ic separ~u:es the si,.;: - oi t .:__oci e itd~u J. 

t .d· e e-b it ·:iirection code. a two- b i t size cva. e, :Ani an 11 u nbL.lYt .. 11 

bit. TJ.-, e r.i irection c ode a llo .J s fo r ei _;ht _ os~> i bl..J .li r .:: c t iu • s .. ,ic 1 

corresp onds t o 4 5° i r. c r e _,,ell t s i .(, ~: i r e c t i o n • The s i ze co~ e all o ws 

' for four po s sible se g:.ten t ler.;:;;·ths. Th e u n bl .nk bit can i) e u .:.;ed tu 

for m dash e d lines by al lowi n 1; t !:e b e a m t o b e b l .:.n,~ e d v:h ile s til l 

f o llo wing a 1)re .::>crib e d vect o r ~-h, th. The vect o r c o des ar e s~ o ~n in 

'J'he dir e c t io n c o d e de t errr.ine ::; t h e o pera ti o n of the X 

and Y })Os it i on counters , i .e., ,,_1e tr.e r to co unt up , c oun t dc•:•n u r 
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0L. ..J 

L. (; inc 1. u u e t 3'' ;ol u. a .i...t' e erate.1. t 'IC .J - 5, the 

,• . <- r , e u. : 

I 
I I 

I I 

,J::___ l . 
---·--3> 

e e·: ence ::ceo ;dr v t,J '- ~· Gu c. 0 
l i l.t.L"e to 4'- ~ 

fo r ".t t he i.~ JOVe s:rJ;,'-•vl j_ '3 : 

L. J I'- \ v·~· 

1.lu .. l.J 

l- .l. . .L 

}_;()}.__) 

ll\_ OJ 

'' l.L V'--' 

~ ) l --~ 0 I 

1 ' . !.' L.J.·ti _J.._ 

0ir.t , Ci:-l C ~ul• l.ll..<.::; t e ( l I...' l., 

iven i:J. t: e ,,0.::::ii ·! ... a- ..:... ).J..\)l 

t0 c ~·:or' ll~ ll .)l.l: 

·i ·._._re l: - .2 ..... X,;;,". .Le uf tLe er ce rc .... ced "JY V8ctors 
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.udc 

l 

I 
L 

iz __ 1£dur . .::.. tion 

,uie 

1u 

1.1 

A 

I 

lJirec tion Irdor; .at ..1.on 

Code 

vO.L 

01 J 

011 

101 

110 

111 

.. .:'i-'u.re 
ro r ·- .. r.. ,, t. 

~ r, ... u~:~ .. a l On 

r l'-tur) 

J.. L: f .;r ·: ·,·ccL.on 
c :':. L> for 3 · z e 

~ t f:~r iL tel. ... • · t :v 

t. -- ·. J._: 11' . 

orr i .te: t 

t l. ·c; t.c.t. n ---------
~OO.C Le •.e . .l ._:C .;_On .is 

l I L~' ,) . 1 · ll ~ c 18 -< e f 1. e c t i c... ~l 

2d J /. ... - c c 0 r r __ ,j r .. t e J e f' 1 ~ !_; t i () r i_ 

/ __,4 ' ; fu..L, "'c le ·L flecticL 

/c., r Y c our .L 11a t e u. e ' ..:.. t: c Li. ~ n is 
·_)f _.l\1.1 .~:;c· _e .. ef1ecticl 

{ 2~v . ./)r cour i -=tte oef_ ;t: tiu. :i..s 
1/~ O' lu:...l ··c ·,11 e 'lec t ic:r. 

L.tcrpl~.:t ~02:_ 

.'P"'i·or i . r: .. H ::J.. t 1. . an ·1e of G 0 

from st ar ting poin t 

Vector :i. .. ,, ..... n at 
fro~ starti~g point 

-..~ 1u of 
0 

(j 
)v 

V ·ctor , s rlr~- r t :1.n ar. 1e cf 1.5 )
0 

f rv .. ::;t .r t: i ;1._:, ·oint 

Vect or -:..:.:; :... r _. ·n t an n.:;J.-2 -'-'- ~ vOc 
fror . .;L.rt:Ln_, o·nt 

'ectu;' ic 
. Oi!. t 

lector i-::> ,r:~ w a t aL :'.i:l ;lo of - v" 
f r or:: stc.r'.in,__; oL1t 

lecto r is clr:c, '1Il a t c r: ·1.n~1e of -l.J5° 
fro 11 star·tJnc: ·,)oint 

C- .5 
f or 
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not count. ·r h e l e l J. _; t h c o d e e t ~ r in ~ s 

t he c o unte r ._, . The increrden tin~ rate i 3 0. 4 lfli crosec on(.'ls pe r pul o e, 

and t t1e nu:; ber of counts r .us t i 11crease in r r v~lo .c t ion Nit r. t ;. e line 

.Leng t h. The lon,se•3 t l~ ne J.en _ t ~- ·'Ja S L e l ude d for tl1 e ~--urp o s e of 

econom i cal drawine; o f ordinates. 

It is f e lt t ha t 

the mna l les t incre r:1 eL t -:.: ill aL ... O\'I s r-·e cial 0y .1.1 1cls to • 1 oe J1aae U[l 

L · .e noruwl 

c har a c ter .::;i;:.es . 

The c haracte r deccde lo:.:,:ic is considere.J tu be : ro, .. riet ary in-

forn:a t ion b y Da t a Dis Jlay, Inc or .·o rated . The ,_:;e.::1e r a l techni .~ue is 

one of r1i cro-pos i tioning t.1e bcara in relw.t ior1 t o a refere; ce X, Y 

position on a 5 x 7 ~.a t rix . 

ir e the bean a:cd tu.c·ning i t en .. J.d off l:n der a cl .,ck coLltrol .;J:wse 

y,ulse o occur every 0 . 2 mic1·o-o C(;l1ds . . re c aracter ra t e is deter-

c har c-. c ter . ~·or t;. e s.>rucol sel3ction of t: e .lc.; - :.,j t. c number of 

r: is setr; t1 e tL .. e for ,_·;splay 

c rement i n :::; 'J:f tJ e r..::ference _po::>it i vn t o th e .. ex t 21 :~r,; ct er locatior, 

I n a ddi t i on t u L. e i ni tL. li z. i . ir.fo r:1.-A. t i on re c~ uir cd _-__ , tLe 

de;.:; i ~;nator w ... rd by bo t!. the vector ar,d cl:: r : ctcr ·Jo•'e.:> , t,, e 

CHa r a c ter .. ode r e quire .:.5 sor.1e aG.<.; i +;ional in.:crw.atio11 on 0ize ~-l~d 
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:tllv.v i tc u r1 .J 1. . 

._, up ~ r i1., ._;i ll ~.lata JV •. : r L :'t c r 0"' . , ,i r r a 1 r .l..ay • 

i s 3 h l)\~f.:l _;_1. ~·"t i 1re , 
- ..L • :..· e b it tt.r f t! e .•. iL 'ur:;;:-.:.t c. • 1 t.::> 

...) C t Q f 1 i T)- f l •:. J o~ L - , , ! •J t C !.tY"'-

r e .• t strin '1, ··e s ize ~- ~ l c c ~- i u r1 ·' 
... i; ,j_ t ~ t . '·' -· _j r .. l. ""·' t ;. · e e C) t o ~ 

~J O ;,-;ible J -.; u r s ! 0 ~ . ee l L. :~ c e .. ~ 
,. 

,£ t.:te l.!. ··ctr . . re 

c a r cter .. i~ e l l 3. direct .. ·-:-1 t on '' _:._ l L 

l e .~.s t e vc. t or .. l.,. c !' c'e:;:s u.e t e 

c u ; 1 ~ t e r s , L "'~ c c ~ ... r c t e r . , ~ z e,; : e r ~ · ~ · ..... r'\ t e -~ t ~,. L e ..L ._ ~ · '} j (; ~ t t j 

c' ' E.-~ · c .. r~~t·J.· 

c ontroJ. a r e , .ow:. ia l l _:ure -~-j. 1.. e 'l r a_ c c i" ..: l .=; i z e;;:; .. .r e 

er d i dth . 1 .e ;.:,r J. l :_; z e :1 

a l low ~0r 1 o sJi~l e f tt rc oto r t\ tee ·ni--:J.c ((_) ,,1 ' l.l' 

lu r e ua nti t ::..e~> uf tl·· recor ... c: .... 1\. r 

l a te r )rJ cCti. r . , ~ e dlr~ction of j • c.re1 t.. tin 

,. ru. ;;:; u 2_ .l t. '· 
I .._. c1 .c • ..:I'8J;,c;.( t 

11 i. i~ i J . ,J I ,. .... ~ 
\... ..... L .e 

l. lv e l.c· ' 
_; ;i c u ~ C~ - ,Jr - I -e 

C :) ·" . } ; X .! + ' t Q,_ r L:v c ..-l ~lo e oi "' <;;. . 

A Gu ttn t er . 
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,:igure ..J-1 . 
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7 • 

t c .. _._ r cr;, ~J. .1. ~.J , 

a G:J.it .:J.b le f:>LJt of ,-ules in t' e f',_j rrn of lo~i c al circ n i try 2Hu<:: t be 

d e s~ ned tc> allu·..-,r for ~ !W e,>ta,_;l..!_L;' me, t of corw uni cations betv11~e n 

Lw v r i:_;L,. ; L<LitG oft ,L: ·.,teat , ·.;d t h e collection a r.cl t r .:1cf er of 

l'he 8vt .oli...> 11:1ent vf c;oriL.m:icat io n::..:> .. it h the cor::p u.t er..j i:J 

r _· d s c. f t _ e ( ... cr, trol J:.A t a .. rpol'& tior~ l'-.;0 and luv~ . 

-" v .l 

compu ter::..> cu.n b2 selectiv --....y :::..oc .e,~ u u t 0f t.be s-·.stefll ;:::.. ~ces ::,n 

jt 1 .• s J ecided 

t lld. t in t he ind.ivldu.J.l cc.r.1 'ute1· operatio :. 'o. eG (i . -':. , lSu o1·l,; ui 

i .·.ely -'..OG c:o_ out . 

c~ntrul t he flow ~r .LO.!.' 

" tni s m.)o.e • 

. h e u. ly ~.~. rbi Lrdr' ,,ec.!...~) i.o n c-:,r.lcer,~s th e fl~.h-:. uf 

I ' \l . e ., 

a.L..L n,; __ nual inout e.:.e ct s u.re i .... 
.i..U ·_11 f.JU L L O t h e 

c n t e d by a 12-o-_ t e.Aternal f ··r ction co cl e be ir f::_· tr-:.tls;:,itted t o c:t.ll 

59 



.1H tru -; ... . . . 1 : ~ " v e r t L j_ r 

c l o...;en as t h e unique code s_;rie.3 of t he -·~:- ') . 

11. order to con t inue furtr·er iLtu the r.e.:>.t n Lf tne coutrol 

s truc t ure o f t!": e r) -~-·), it next became r~ece':Y->c..ry to 11reci3ely ~e-

The s true t ure of the etis play words to Le tra, .. -; fe 1 r ed L'ror.; the 

co mpu t ers t o the ):J-u5 has been de :;crib.:d in Ch pter u. l'he.se a re 

t he only data channel in u t s t c.. t'1e system fron the cum ...: t erc:3. rhe 

cow~uter ou t put b loc~3 . r~:e . _j--~5 '1U.:t' t en' hav e t ·le ~Jrn vi ._; :_on 

fer , ar . ...t to set up a read.:· - re...;ume·: a:rs t e~rl uf .:Ji.~ua l s tv ccLtrol 

tn e ir.pu t of the oloc of .Ln.for1 .. at1.un • 

.b..a ve nv res t riLtions ,.J'"t en tf··el:J c ot ~r cto.L.._ .des uf the ~yste , 

bu t ~..uey should be .. .-... t uc:.lly exc.iu .. 3i v e. 

T ~ e aigi t lzed radar in r' or .. atic n i s a .-;equence uf 'A o.cl~> fr,if:J 

t l e radar chaldle l to one of L1r ee )U 1 5:LbJ.e tc r in" l er uirj:cn t .s , 

i . e., the lo .4, t h e luO or t e dU;d_ iary c L •• Lel. The .~e·,'J.el ce is 

controlled by a count er v-.l> i ch succo.ssivc.Ly __; :tes in Ll.e ll hitc3 ·..)..L 

G<:~ te ir... ei.;h t bits _,£' ·eigh t infor .. atir.....n . ~~e e ci ;h t it~ cf 

elevation c:u.loH .r. anc_;ular re :3olut i o n of aJcut 1 ·4 _] _ _,r ,;e . J. ~t iS 

00 



L m:::.nuf J. c ~~u.1. r.ut~l vi· t. e ,,_ e t.... c t . ~ •. c r c u t • 

put ent~il~ t wo l 6vals ~ G e 1 e c t :.:.. on t 0 b s 1. . 'de b :; t 1 c; :,:; e 1 e c t co "' e 

U3Ccl . , ct 1 .J.'he C · oic e vf v• e ou t Of t !.I" C..: v'' ,ib l e 

ter:"'in .~ t io n0 for t ."' · uiortt.t..LOlJ ,,_J. d (b) ,_ 

i.nb the r··~dar i .ror. tio n excl.,sive of <:. ll u tiJ. e r i n p u t s to tne 

The crou ~-, of J.anuc...l in ·u t c ::' rom t ',e op~r:J. tor I ..i CO!H30::;_e c,.n 

o nly b e direct.:;d to t!-.e cor.l})uter a.:..s i__;ned by t. e i .. o1e ._,wi t c' (a s 

de~> cribed in t;1is sectivn· .• This .la ce s t .e r e--;uir er. c=nt fc· r or;ly _, 

si n g le in· u t 0 ,~ le c tion on t he s ,; l e c t c v e . 

exc lu.:;_:_ve vf all o ':: er r·orwal ir 't:t selects. 

the J- to 

t he Cont r ol 1ato. r ''!G r ~ti on 1 

"status ree'ue.,t". Thid response E~ou ld be selec table to the ex -

elusion of all ot i1e r input s whe n t ""e p ro ~r; __ m on t Le 160 i...; clu.::cfcil, 

f or tfte occ urren ce of :::onci-i tions at tie ,J.J - 'j . ~'! e res 'JOnse :is 

co ded into a on e out of twelve rebJonse . In t ~L; wa;;· , if 1 ore t llan 

one re CO[;LiZ .tblc c vncti ti on :;·,as o c c L rre ': , t r:.e r,= 3 jons e ~; il l incJ.. v, de 

t h e n1 , a n d it is up t o the l ,__,Q ro ,r.;;.m to c.leclc for Lte condill o ns$ 

'J:'l1 e ' ' s t.1.tus re~>~)onse" Gelecti on i G cli sab _Lel :d·1en in the ' l 'JOl-+ only" 

mode. Note L1 ... t t he l uv4 operate,~ t i,e e nsing of condition::; of t he 

peri~)he ral equ ipl.;e nt in ':l. :l i ffe:c ent 1nanner . I t u _, e:, a ._.e :;ar- ,_ te 

contro l ;.;i~;~lal t u denote t La t t J.1e ccLdition , aG been met. 

To exp;=md o~. t he : .. anua l in :·u t s , t e .:.~ol2.0\!in ·· - '~ ,arate Jiece_, 

o f infor; .. ation are i:)8n.:=rat8d : 

a . X tracL. ball 9 bits 

ol 



c 

c. 

e. 

t . 

'l'!1e X and Y tri'J. C · bc~ll i llf or. t tiu n ta . .:; 0..: er. 

1--. 
t.,rJ 

J __ t t3 

._it 3 

i t ::> 

s o tl .:.-. t tLe sa:;,e __.u t :put re ,is t cr ond nt>a.·_~e rul es mo.y be 

bo t h t .e 1~0 i.!ld l 0 _~L; . The cver la~r .:ud the contro l eybu rd ' ve 

beer: comi.i n e i -L""to a u ne- r~ it 0c1tput , a·-o t__e .. e' :w of :ir.ter: ertL-~ 

t ~ t e c o un , :, ci ._; o f t l • e c o n t r o l I-:.._ e y , rJ. i 

'rhe , e of li ht fee :r~CK..i to t' <:; '~on~ vle op~ratu1· (in con-

LCCl ful' ,_,itio..:. 

or .... f f a. n ~-- o f t . e l i d t s a..., o c ~e~ i~t the control e,yuo·-l..J"; • 

i11ter-actio L w1.th >- e in-) L ;_ t put _. 

t 0 

th e _inte.rTUl) t fedt .. re -,v _il<";ble un tne t_;o· trol Jat;_ C 'J!"' • t on l 0·', • 

'l'he .,e sel ,ction -- r~e~i not te uni~·- c or c--ell ,i'.re ,, t e 1ortio>- v 

·; occ ,,-red . 

d ,_.er1Cl'c~l :ii·~_;r .1 of :· c control function circuits L :S t>..:: o ,, n 

in .l.•'i t<re /-1 . .Jre le t _.j_ile ~- re ,.-m i i ,: 1, in j_ r e -. 
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cte ac e. . .. 3 ..J... , t '-' . nit 

c u " a t i b J. e '." i t ·~ e 're '·'-'·Y - ls of t. is 

-~eyboard layo L< t L:o G 110 ,··n in -'i ure _, _ :; • 

.. 'he control <.e,, bodrJ ( ·_eyooar-d nt.. .. ~r tv·o) is a c ollectJult o f 

function desi~ilator ~ . 

routines 3.nd c; ubrouU nes _or· ai). in con::>olc u -c..;e . 

is 1lso closely as:.:;oci.atca ith t 'le __~verl y an.! the 1. ~ht fee .t a c k 

feat ur es. .i here Te t Tee _,rc -· l!l6S ~· f v\1 i. t C e ir: t hi c:untrol 

ey bc&rd ( se e i sur ~ - 7) . .. e f-i l'G t ::ro J.t L:> a 2J- s .i t c 1 at, L~ 

.dlic.t-~ i.> 1. sed ll· conj unctio n ;,i th t t.e overla~ 

fo r u~ d b./ e a c h .s i t c · ~ are e n ..:· ·, v e i on t 1: e L .::3 tic v; t: r l a J ..:;.. n e l 

h ich f1.ts ur....;und t Lc ·,it c e s. 

L>elect..ively any s~ .. 2. tc ll vr :S\,'it c ·-8s un·..:..er ·ro_ra .. cuGt:col to re0ent 

a '' ._; 1.,;,ided ci1oice to t .. e operutor for Hi.::> a c tio:1s . i'l•e ei . t v: .:;r-

lay .:> av.:;.ilab_~ L~ive c. c oice oi' 0yste,1 pro,,ra .. _; c·1.lLtole f r v•'> a 

si: 1 ; le li ur arj' t ape. 

is aJ..so unJ.er COl tlll t er cont r ol for lic;ht feeciba c ,L .L.e e .~re no t 

,._;sqci.' te d wi t h ch a n c; e c.:..ble over:...a:rs a nd e-,re in te n3.e d to r•..::r f .... ;rJ, 

~unctions ·:.:hic1l are co; :.o" to :J..L l ov .. rl y:.s . or in~t~nce, one of 

t Lese keys coul d be .L.belcd llcii.:..3,lay trac ball uJf:.co l O!l left 

t uc e •. ·r he last ~rov~. 1 : is 'i.a,.:!i,nd of fo r swj tc. e·~ -~· .1 ... c~ in-

T e~· c a b:: tJ -,e:: to .c t iv~.t e 

rout .: L.e.:s tc ::.e- ve a L_ r .t.:r ov ·r t e f ,ce v: t e __ ,ispla:r- . 

1. e ovc: .. .::L t c v .ndeJ. u t: e 'e vWitc ·; . .J lG 



;.a t LT 2 c ..L .c • r!.GS8 l t.I..L 

t: n e co u i~ u t e r c. 1_.~ •, t roll c d J.. i .. t f c e d b ,_, c J. i' <.. r e . 

de ,; 9 frur:. -'· iuue 

( e y in k e yboard t\';o ~3e t s up i1 ready c. ncitio:. 

rhe depres3 i un uf a 

. l c u 'i a ; 1 e l d un til 

t He corn :)L t e r s amples the line:::-; :J.Ld releases tht::> re ~i .s te r . 1'Le UVGI' -

lay code i.j trans·· it teo. :-:-:.long ·;•ith t e cuntr.-1 ey:-)oa1· .J code,, en 

t h e iLp u t from key~oard numler tw0 J arn:.le d . The ov.::r Lay cc... le is 

:::;enerated b_y the JrC'3erce r J..:sence uf .:t colt ct ;,ust in t. e t."lrce 

bi t Ooit ions c.f ea c 1. o v er1.ay ... n l. 

overlay code with ~ c l ,,n .;e or t:·"e o-..'erlay, and c-:'!r.ce , to ~je e<.C Le t o 

.!la t rix. 

Th e X . n d Y tr a c .:b a ll .:> ~nera to r c; a re nin e -bit _ f t osi tlor. 

1' he ou t puts r e 

conv e rt ed to binary cu•'i. e f or use ir< the com;juter . I'.his coor.tina t e 

in f ormat ion is ;::;, l w~ ys a vai .La'u..:.0 <· ·.;J .nt:ed or1y be selected. b~r t!1e 

co :..puter to SC{t:l ::lle t i'e -·1'-:tl.,e . 

'rhe radar J.is~,lay ran e &>vi, c i; <: n eigh t -po··dtion t>.dlc!. 

T:.ere are i3 Cv en selectable ran0)·e~., ar.d <'l.n off . GsiLion . _r. e C<.,des 

1'' .e sv: i tc :::ts t - e '- :.c:.1 f .'nct.i1,.~n of con -

trolli r . .; t l e rc..td r vi . ~o pre:s, ::.t a t ion ar d L;r,. viui; ~; t~.e co,·,: u t e ::: 

:1it h a ne<tSJ.re of ran_,e corrclctt, on :, r . a,_ir...; co ..... .mtaL_u,l.. .... on 

t c.t r ;et po.,i ti o n . 

ure 6- -.• 
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C•ff 0 

t11iles l 

miles 2 
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- ,,ilcs '-t 

'-4 miles J 

l?z !_iles 
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1 o~ t h t a L .. .Lu ..1 t l. t n.J . - ~il e to 

e si ~1• .L •· c) 

nc. L.l..;n,. 

were L 1e ;ejs 'carr ia.._,e ret . .c·r1' ··.1W ''tab :._f 

of pro ce duino a. ord or a ~r;.p ~ ords on a ·' unc t ·on ... 1 comEk' nd 

in .:' i :_;Lo.r e 7-5 . Tre ce.Lect c; es re liGted in i,;ures 7-~- and '!-/ . 

All the functio n c~des are in the 7X(X ~cries . 

deco de i s d o ne b} c :cl~ir; f _,r the coincidence .. · f a '?,(XX r ... rd Ol.e ..of 

t ' te e x t ernal function ,ignaL..> .·r~ t: e coru ut rs . Ir the ' l.u'Lh" 

mo d e o f OJh::l·a t ion a tirr.e ..:hared ~- 1ec L..; na.J.e 01~ the extcrJ al. 

f uncti o n li ~es from the lu~ and ~6 4. 

e n o u,).,. t o r~t... .. r n to s.·.n ·le e. c cG, . ut .. r . it in t.1e ei ht Licro-

Cnce t ..; L1itia.l ?X:.A 

is re cGu"ni zed , u.lse is L ur•,ed ic 1 s 1 .; .:..; t l e 1 o \,- e r n i. L e h :i t s 

of t he code a~d ~ets tte se~ected .1. i p- 'lop C0r in t 1e case 0f a 

sense c o d e fo r L1e 1604, allu·.,.j ar' . t put 1'u=._.Je to ue fL ... rr:1e d cun-

ditione ~ un tte sen .e). 

Th e o.bi l i ty t o cJ...ec.~.r . .J...i t te ' c t J.ip- fl "'been 1n-

corporate..) ~sing the extern l CJ...ear lines o: the co 1, Jter in co1.~ruJ. 

(as s e lecteu by t 1e mode sw1tcl ) . 

litie;::;, t. e '' c lear/~;tart' cc; , t rul for t .e .JJ- 5 1.e•.c·ry ~·•ill clear 

all ~ elect flip- flo~~· rhe over~ll !ia~ra~ of the coLtrol lo~ic 

i.:> sho\iE i n .r'i ,',;re u-2 . 
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0 . ~3yst e lfl I mpler.t en ta tion a nd Conclu~:>ions 

The proceeding c haptldrs de:;:; cribed the de::.;i:;;n details of the 

functions to be performed ty th e !) J)- .1' • 'l'hc comple te b l ock di agram3 

for the J~-5 G are s hown in Fieures b-1 and 8-2 . The physical d e a i gn 

o f t he unit rc ouires over 1, 500 lo :~i c circuit car d·J . ln addition to 

t h ese componento , a nu mber of power supplies and t he deflection cir

cui tu for the d i spl~y tu bea ar e required . Thi s l a r ge numbe r of c om

po nen ts, a nurnbcr of power s u pplien a nd t h e deflection circuits for 

th<.J dicpli.::.y tube s :1re re quire d . '£hin l a r g e nurr:ber of cornpor:ents 

prohibit ed n a in~le cabinet deoign for the equipmen t. The digit al 

lo .~ ic !La._, bu en :p l tJ. ced in u separate cabine t whic h a lso contains all 

tho luw vo 1 t,\ , .. e power supplie s for t he d:L r;i tal c1rc: ui ts alld t he data 

lil'ltJ t ·~rminntionB f.t• om the computer c.; . The opera t or's co nso l e con

t·\in;:! the 111&nu a l i nputo .-:..n d t llc di r;p l ::1.y t ubcn au well a.s t he high 

voltt:.;,;c owo r supplies t o con trol the di!=:play tube .s • . :\lao incor

po:t'~l\'C\JLl i£t t ho opcra~o r ' •~ COll i.J Ola are th~ di :·ital to a!w lo @; c onv cr

~ion circ.:1.d.tu ·•n d the racLll' vi icv ci r ct.d."to . 

't, , e on ~ i r o n y w t e J.l o l o l! k d.J.:,\ :~ .r Fl :; · i 1~ o how n i n li' i _:, u r e l-:1 - 3 • 11 h c 

pu:L.Jo al"!·•l.tL'Jo.t· , vi. dco ampli f ier , .:ln d v ide o q1lnntizur· ace d~sl..;ned 

l.ltHJL11L I; o d.i~: ~.t:·~ l cil .. c uitu . 'Phio : .• J.lo wo t ;1 cce circuit 3 to b e con

·t.::.d.rHJ d 1d:tld..n "t i1t'J .L o :~ic cabinat u.C Lha j>D··G:; . 'l'hc final confi0 ura

ti"rl ot t hu lJ1J .. ,,5 lad to t, J'l(1 lH .. opoll~ ' t IJl !Cement of t ~. e equipmaz~ t in 

t h() JJi b)i L:d. ~.U'I~OIJO:."\ tlun .And Cc.m Cl'(Jl LtJ.UOJ',~ t(;ry . .l.J r;;'IO'tl!! in i•'ic;u re o-4. 

'!'he iw~t~~.llation ohould bo coH,plut('J d by Au~uGt J.;J .... ~ . 
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fll~x:Lbilit,y .. nc: 1 tl~cre.rore , a sir:1il a r fl oxi bility i1 re;3r)t:::C t to 

tJ , ; e oJ f L h ~~ o !.I~: r a t or 1 
;,-:: co n. ·; o 1 c • l J o n t:. t e 1ll ~ t '"' i 11 b t': nt:t d e he r e to 

flo·:•-chart or dicta te the t ,r"!) e of GJGtcHJ pro r.F' ilL.s t~o b e u.:wC: \'li th 

thu uD-b5 , but a ~road overvi ew of pos~i G l e functio no will be undcr 

tal:czl. T l-t~ di.sct.wui on ~dll be Gl ::tl<Ler:l tu ·,n,trd t~pecification of 

1•be1;,; f<.>r tho various overJnys n.nrJ opera t c r l·~ c ::rs . 

for a c~:i..:u_; x· u.m vt' t:Hltire operator ' s c vnG(l le . 

·) ee ~· 'i .::ure 8-5 

'!'he ba. e:l.c ul!t of oi ;;l. t overlay::; could he .,pecificd an fol.Lo·.vs : 

b . .dr int~rcopt :.wd control 

C • r l'Cl ~rW:l compoui ti.on und tl e- bU(~t:;ing 

d . .,Je rvo :uc ch:·l.ll i sm datlign 

~ . 1. ,-,tworl( s,yn thesiG 

f . I.:l.bl•tu-y infurtr1ntion retL·:i. av;J.l ::.~.nu u.pdutc 

!S • u nt:Hl.r proe;rnm. ·1inG p:.\c k::~c o 

h . :H.•\ ti ~ ti c :1 l n.n o.ly ;::;in p~c:.l·me;t: 

MHit'lonnl un t r~ (.If uvurl.:.~.;yG Goul rl be u~cd by n.tJre J.y CJ1an ;in:; t he 

tJy rl tem J. ibr•ury lrtpe lu t he comy.utinJ (: <: nt~n· . 'J.' iJ,)::"iO '.)ver.L.~y,:; :1n. v0 

~'tlut~t,•r uniq ~t ~ f'lHI ~ t.ion h.ey'' av~1 iln.hl(.-J t\,r \WO wl·ticii :, 1v e the l .. d)elo 

~t);·,oc::lt.\t~tl ;d.tb ~:1um chun~;od c.Ju.t~ h time t.b o ov:.:r l n,:· L~ c}·,,~nl;cd . 

·t•: ©OO l~bc~:tu unci , h one~ , t ho Pl'U .~ l-'llt"nm~cl f.l.J'\ Ct iontl ...;hoLlld itlc ... u.<l~J 

(Jnl,v tiiC'HH~ turHltio,,n ,,llicl1 ~ . ~ 1·e not cor.,1 unto .• 11 tHH<;, t~ overl .. lyu . 

'J111(1 inrt:lv1durJl lr.~.hultj t;~rHl fH'J,10Ciut~~d pro,~:roamr: c ·u: ~:. o.eto r minud 

.,,,,J.y by nctwtlly tJntllnJ.nr; ant:h o v or· ln.y Pl' t; J.'; rn i n (:CJui.;;i,\crctn.tc d.~J-

t;.til ~ H fuw ,,O,iuilllu runcti(HJ.i:J thHC c;ou l. l . .i. b0 ~i •• c;:.H)I~J.<Zlt.;Jd ·i 'Lh t.hc: 
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"pro ~;rammin g' ' overlay are t he :.;ele ct ion of the various lan e;ua.~e s 

t o be used for coding. 1' 11ese l angua ::; e select keys would oet up a 

format subrou tl.ne for acc eptinr; ''symbo l keyboard 11 in fo r mation. For 

in [3 tance, the " tab" k e y v:ould pro du ce c har a cter sp c.. cin!.) whic h would 

be compatibl e wi t h the for ma t normally used to input the language 

to the com pu ter. .•"urther ''step process" key•~> could be l abeled for 

the u t ur i nr; of a co mple ted pro gram on a rnc.q~neti c te.,Pe library or 

for a 't race " mo de of running for de-bugging purposes. 

Those function s which are common to all overlays a re to be 

control l e d by the ten function k eys w:nicll a re as so cia. ted wi th ligh t 

feedbu cks , but whose labels a re no t c hang ed wi th t he ov~rlay c hange . 

rne possible se t of functions to h e prugrumwed with these k eys are : 

a. T L~be "()" display 

b . Tube "l" display 

c. ''Display" track b a ll 

d . '' Hook 11 track ball 

e . 11 Drop " t r acl\. ball 

f . ,l!;nter data 

l~ . J)elete data. 

[1 • .i tart pro cesl:.i 

i. i)top process 

J . Lo u.d library 

T ~ ese functions are tentative, but the set o f func tions descri bed 

a r e comtuon to all the proposed ovcrlayo , and t he suoroutlnes in

volved s hould nu t t ake many cells of the memory to implameilt . The 

trac k ball uequonce , ao proposed, will entail callin g for t he dis-
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pl:·y of the t r.:c.~. clc ball on a :1articular tube, a nd then t ne uperator 

c tlJ •• <.; vu t1t e di .j pl:~yl::C I. :' 'J.'B" symbul to t h e de:.3:i..red J? 06ition by j •. ove

l;tent of t he trac l: ball. The ''hool\. 11 trttc l\ ball can t hen b e executed 

· .. :dch can h: .• ve various meanings depc11ding on t h e us ::;..c..;e ove rlay. 

l)oo .. i.bl o us e ~3 of " boo.k 11 v·~ ou.lcl be t o inaer t .:.J. poil~t or sytnbol a t t h e 

dooi .no. Le d :.;pot on the di..;pl '\Jr or the p roc:e ~;,; could be revE: rs ed, and 

ir'd.'o.cna tio n cor cc rnin1_:; t h ~ poin t vliJil:'t s designated by t he "-CB' ' 

.;~·!ilbol coul d ,;(: diGpla;~r~d . 'Ch e " drup" track ball coul d be executed 

aftel' t.:ithur £A 11 di op l u.y" or ''hook''. 11l:lin function com:.w.nd could 

!llt~a.n to delete a symbol or point f rom the tiisplay or drop t he ".rB" 

~,;ywbol o.nd/or the r.:~mplifyinG information called up by t he hoo k , 'rhe 

11 Load 11 , 11 8 tart", nnd ''Sto p " functiono are pro posed to be assocL·1. ted 

VJitb t 'n o hnndling of d is pl<.l.~' data v. ithin t fle conrputer . l!'o r in~Jt~nco , 

t'> cn t !l r ~~line of duln co uld mut\11 to pJ.L.\ce i.t ii•to 9crmancnt stor

ngo locatiou fot· p .t•c)co:;oin c; afte r t h o tom l) Or~lry (for lU.o1.1l.:J.,Y pur

P"t;ltjO) in l'orwtt~on han been veri f ied ~1. s cor•ract, 

l1 h~ ro l:.~dnilig four fL<nction keyrz are to be mnrkad wi t h cJ.irec

tion nrruwtJ t:~.nd are p.ropo.:; ed t c· be llGCHi to !fl QVC nn orl.i. ti nl~ ::;;ymbol 

O V I;ll~ tl~e ~~.(.)fH:;n :H:3pln.y tube fo r pur pcJfH~:J of ll:JCD.tin.~ t he po;.:d.ti on 

£~~ typing i n ov erauins information . 

l'lw a.c t i~G"~ l Oll.Jrution 1.>i' lil oyatout 1w [.l:t'opooed woul d require an 

C.J V ~;~ .rl ~1v to bo iut.Ja rttJtl fl.JHi a l iiJ r·ul."y lo1Ji.d IJA<.:cutecJ., 'l' {lG colltputtlr, 

Wl~tHi reR.dy to CO I(l•~n cu, Wi.Htld ll,JJ,t t nC ''n t HJ't '' [l i' OCC.;JS light, 'The 

IJ}JO!'F}tQJ( , UJ) On du proo u:Ln1s the ''Qt~rt ' t~1'f.> (.~\HHl but ton, C L"- U~<.HJ t he 

O'lnqmttJ!' to 1li"v 1l t ho :JelcJct,od li,,;lit and /:lL.~l·t tlJl:'OU(:;h the executiv e 

?? 



r11D. t ion i.s ne cd ed fro m the opera t or , v ,c) rio us li.~h t .'3 or _;rou ps of 

li ,,'1.t:;; '1ro ne lectod. "orl" b y the con. putE::ir • . J,he fun c tion labels 

n r::;:_;od.;:tted wit h tl1 e lit~L t s outline t !-1e reql~ire J ;;. c tion or in_pu t s 

to ·o e in:i tin ted by t he oper ::~. t or. I E t his mwmcr ·.Ji' re )ly-requeGt

d:.l.spla.y, the w .:;~.ll can thread through tho pra t£r :-uns in close associa ... 

tion '" :l.tb t he computer until the CJper a tor c ho o::::es to Gtop t he pro 

c~Hs b.Y de p:r e~ss ing the "stop" function k ey. 

It ia folt tha t the flexibility ln usage or t h e command con

~ole nnd t h'~ 8 fH:H:t d ~.lnJ pa.c kin ~; d. ansi ty of the din p lay information 

will p.t'()yi,te un ~xporil:lfm tal device for r:·•:m-comfJtlter ::Jyste LJS ,,hich 

will not rnl; idly become ob ~oleoce11t. 
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RADAR j f SHAFT/ 
ANTENNA ==i!,f',9.SITIO~ 
MO TI ON '<eNCODE\_ 

~ ~~~~C~O~U~N~T~E~RJF~U~L~L~------------------~--RESETX,Y 
MAI N \..----:;;,_{_/I:._F:,_FJJ 111SABLE RADAR COUNTER 
BANG I ~· 

- ENABLE 
RADAR 

SUB RANGE 
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RANGE 
SWITCH 
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/ 
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i! REGISTER 
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II 
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I 

MEM 10RY 
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' 
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0 
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24 
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l 

~ I 
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I 
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COUNTER 
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~ 
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5 
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r ---, 
' ' L----J 

D ~ D 
D D 
D D 
D D 
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J • J. l • ..~io,_, >, I:·,_, .i.' r· 1~0 ~ction .. .; CJ., 

.cco:c.s :LL .:"lectrc;.ic ... : , 1~· .•.- 1 , .-. · • - l.i 1 . ell' C h 1 l ;> lj . 

,; • · ic..·~l id er -;.{Jll • 1',. ~l.r: , "i. -· · ine , 'dl - or;11.mter 
'.·OiaJ .• ication . .; , ~· o c ee din -.s 3pring ,Joint Go m1:Jute r C onfe r e;~c e , 

21 , p ~ . 113-12(! , ; . .:.l t i onal 1·I'CCG , l ju2 . 

"J . :---( . · • • I. oewe and P . T!o ro·:lit z , Di opla~r :·:yste :c~ Ue a i r;n ~;onsid er a

tion ;::; , , roceedi ng.s Fa 2.1 J oin t Computer Con fe re n c e , 20 , pp . j2 -
jjl, lJaC!1i l lan , 19~:1 . 

', • l' . .)o l ler 1'·1 . A. S t a rr, a nd G . .w . htll e y , 1;;1 t hode l<ay .Cub e 
J i s plays , :lcGraw Hill, 1 94-~. 

5 . .l.'.J . .. . Ji:l..c:i-:. , i-· . i"j • .ol fo, and J • •.. . A:sar:; , Cow;tru ction and 
.tjerior;:.ance of · ~ ~- I'.J :Ji ~)iSjJli.~Y :;yste , J:=-:·oce edin :.-~ :3 of the l l\L , 

50 , PP · 1+:Jl- ,zJ , .... pl'il , 1 9G2 . 

u . ~-.: . ' ". h .. 1r,·~ ~r , 11 echr iq ues of Dynr:ufl ic :Jis}1l ay - P~r t 2 , ..,on t r ol 
... E 0 in ·;;eri n ~ , 7 , F9 . 1 2 1 - 12_5 , ,.pril , .:... 960 . 

7 . l1 
• . L.o ewe , !-~ . L • . jio3E;or ' , a2!.d }·' · .orowit-~ , Co !'!:mter :.Jene r ated 

,;isplays , .:.)l'o cuedin~;s of ~ L c L.-:r.. , L!-)· , p· . lv '; -:.i. )) , J ;.u.uary , l9 vJ. . 

,, • ;\, . A . Barker , rochni (;Uc:::.3 of .0yr.c.r.d c Jis"[)lay - :- :..tr t :l. , vOll tr o l 
...:.;ng ineeri n_:, 7 , p·) . lO J - lQ5 , F'ebru:J.ry , iS<Jv . 

:-; • . t • .£:... . Bar:.er , Tec ~_nique s o f Dynauic ;;isplay- --ar t j , CoLtrol 
1J11gineerin~ , 7 , pp . 97-102 , J une, l ·;to0 . 

l v . 1)ru ~rar:Led .Oa t a Pr ocessor - 1 Des c ri p t io n 1 n.nual , 1j i_ ~~i tal 
~. .. quipJ:,e e t Co r pora t io rl . 

ll . .:~ . ·~ . Ch ao, 1-'har a c ter Ji spl·qs L:Ji n g Ana lo g '.L'e chni q ues , 
.l!.;le c tronic.s , 3 2 , pp . 116- l l o , (' ct obel~ 2 , 1 9./9 · 

lr.:: . ,] • ~- . 1.0o r e and , . • ro ue ~; ~;c r , r] e ne ru t i n_s ni.:;h -~ ua li ty 
Ch a rac te r s and .3ynbols , 1:Jlcc tronics , j::, , pp . ) 1) - S9 , .Ju": e ], 0 , 19CO . 

l . -. .r . ,arric 1~ an d 1-?. . 1'' • Hc..rt , jes:Lcn aL ..... Cons true t ion of a 
,_,_ar acte r Genera t or f o r a Hi0 h ... i pced 1hTi t al CuJ1 tro l -~;;stei :i , 

1 '-- . 

U . . • Na v a l J. us t ;raduate ~:i c hooJ. ;Ji;_; i tal Carr trol an d ...,LttO!IlcJ..ti on 
Labor;_ .. Lo ry :~eport , , arch , 1901 . 

/... . 1:. . 1-~erry , ..:.; • J . Ano, ~ en0r2. tin-' C', .,, r -_c te r:..> .T.~ or Cat h ode 1"\.ay 
~~~eadout, ~lectroni cs , 51 , Jl.P • 7- - '/r) , J<cr:·.J-:try , 1 9 5 8 . 

1' .- . L . .. ~ . Perry <..-'...!ld .i'.. . J • .• h o' r:adar Cowpu ter _j iG 'lay '1.1!. '<J.C8S l'..lp li.:l 
nur:.c r.ic -:;h: .. rnctcrs , .:...l e ctroni c .::,; , .L: , p·· . /'J-/9 , J"une _-ju , 1';--.)1. 



l J . 

ir cc t v'.Le·:, "i._; ..J...L <I . 

l u . l -.~0 Compute r , ? ...... , ':.or. t r ol ;a ta ~o rporatio~ . 

1~ . l u07 Ma; neti c Tape ~ystem, Volume 1 , Con t r o l ~ttu CJrpo r u tion. 

2~ . J . l~ . ...'t1. r rell , ~: . ~l ;ineeri r.__, Jc::.; i c;n o :..' I.o gi c a l Ci rc u i t .s , 
L- • . ) . ~·:a val .vG t Tel.duat e ichool ,· . • ~ . L't1es is , 19._;1 . 

2:... . ) . lJri~~,B , .r:~o.ar ·)a t a Proces3 i n. Jle c hnic:ues &.nJ. .M. ll auto ntatic 
·;!_ u t te r .. a poer , U. ,') . i.av -. 1 Pos t .. r.'1clt;a t e .:: c ho o 1 .Uit;i t a l Cuntrol 
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u. r.~; ·,;,a~es an c. ·;cbu l l.:.-" 1 .• a nual , Jun e , l ':)( l . 

c...,; . J . j . ,.·,_..r ac l:en , 1~ •.iui e to _: o rtr:ul .. :T v r .. .. i n3 , J<.J:m .L l ey 
.. l l l't .~ u~l.:i , 1 c.;· .:L . 

·: )• • rc . a l s t c, ... ci. , •.. ). cl; ine-L:d e _::Jcr.clent (;ol:-Jpt.. t er r 'l.·u .r .... 1.::11 n g , 
. OJ q.r t~n -}oo~::3 , :;_ )02 . 

::_/ . C. u • • 3 i1 a ':: , -· ... ro ,ra .l. er ' 'j lnt ro.::~, c _1o n t o B;t.;ic 11 lfovi,':l.l' 1
, 

.. ys tem Je vel v·.L.e ll t C~ r JO r a t ion , :::. ':-)1 . 

2 ' . 0 • . ,o r ..;a to , 
~ c. t al \' i r,: e .:.uarJ.n .::; .:)yst en.. , rToc ce~; i L[~q ~-inr iE';; Jo i n t ,;vlllrYu. ter 

Co n f ~ r e 11 c e 1 _l , J p • ~;, ~ 5- · · L~ , t i o 11 a J.. ~~ 1 • e G ,_., , 1 J .) 2 • 

2, . ·. a r.c j . .;K , ~s i .n of an .• tomai.:.ic ul t i - 1-'roces uill:._, jc,·s t eJJJ , 
J • . :~ v ,J_ _-o~3t_,radua te J C . ool • 1::.·:sj_:_:; , l/ ::: . 

· ir .. u , : , 

.. :al; i.c'" - ' Cotlr.:v.'o.t::Lu~l a:1 Cu:.c~u. , 

.iley . nd ,c.ns , .L -), • 

:; o _._ ·J r _~_ _, c= , 11 d 1 • · ' , o f' '· 1 -

~To 1 ~ 1:-. e . ~ .. p p . 51-56 , John 

.,;l . J o·bcr·L .. art ::t11G l~ . 1c ii1DC r c r , ;''or ~~~ 1 .t)r·o c euLl rC .:J for /o nr1ect -
.L Dc. Te rmiur~ ls wi t h a i·~ir.lr.mm LOtal .!ire ~"en; t h , J . 1~ sc.. o c. 

c; ou~mtint; . . achL~c ry , 'Jol~r:le 4 , p-:.; . i::~8 - 1+:.? , 0c: t..; b<.c! r , l'))/ . 
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..c.;C .h. .IZ.-. i.'.C. 

prv15ra tt~ i'or JJ,c chanizin L> p o r tious o f the J esi ;_; n of d i git a l cquipmcnts 

.~s ir. g Control 1.Jata Corporat :.L on type l o.) c car<.tS a r1cl fo i·Lia t. 

t }_ O!J fo r m . 

.DXarr. ;leG of ._;<:~mpl e out :~ u ts a1:d in :nt ts a re sho'lm in fi._~ures Lj. _ l+ 

thro ue;h 4-/ of this t hesis . 

1 ~ Cv-o 1J :r is t ·, e Gun tro l Dil t a Jo r p ora t io .d _;_6o L· J.G er ~ro up 
org. r~ iz r._ ti on. 

>-<' ul> 



.: ~ . 
l'itle : Ca r el A::.;6i, _,nwen t a11d ' .• irine; Li.r:3t As :::;em~,.,l.er :"or Control 

Jc.. ta ,_; or pora t ion Ir<m t t i_L e of .C.:q u a ti on.s 

Pro ~r"l.li::r er : 

~ate: 30 J a n uary 1 9c2 

B . P L:~-:; 1-'0.S E 

Thi s rout in e in a cor!l~)o site of b'io 3e·1:.1r n. te functioL3: 

1 . It c o L.plete.3 a fi le oi' c quatlon n aE6 as.~lun::.> cu.r d typ es t o 

e'tC.h eq .J.a t ion fo r a gi ve n set of in :u t eq .. ;:.. tiol':>. 

I t al t> o co:01 pu tes and l is to ;:,_ w iriL~ t able if chassis loca

t ions for e a.cl1 section a r e J.esigna. t ed . 

In orde r t o a cc v.;rplisll t he fi r . .; t f u nction , a ma~~~et ic tape con

t o.i n i nc:; p u nched c0..r(i i :a0 es of the in ;U t e c_;ua t i on....; ~1. r e process e d by 

co:.apilint; a n inp u t t a ble for t he en tire set of c qu<.-. tio u.s . 'i'hiG 

tn ble is th en s earc h e d to nakc u p a li s t of out ~uts for each card. 

:Lhe n,l£.b er of inpu t s o.. nd o ut pu ts ar e t hen co unted and lo ::;ic cards 

are ac.:> :i. ;!;ned, baced u .)Oll the co:·-,st r ;;. in ts of the fa. mily of cards. 

Certai n spec ial c ~ r d types may be designa ted in the e quation state 

uer: ts by L :)e c ial :;yml>ol s . I' ~1 e n u::i. :J er o f card s require d are c o un ted 

durL<; tnis p ro ce s:;:;, a n d any erroneous equu tions arc r:.o ten . l'h e 

01;_ t pu t a t t h i s p oint is o. ma 3;ne t. i c tap e hf.l vine the ori __, i nal input 

equations , eac h follo we d b y a line co n t a i ning t he c a r :l t ype and a 

list o f o u t pu t des tina t ioH.s . Also , for any erroneous e , uu tions a 

s t ar L, p l a ce d in t he left colur_cn adj at;:er<t t o the e quati onE> • 

. oll--- win ;_:, t h e equa tion fi le on t lle t ape iG a list of tlte card t ypes 



e o'- t ··L-.t t. ;e a v:.:;_r-in~ 

t a~ulaL i o~ o f t te i nte rc a r d wi r ed . 

t}!e l o c a Lion o f each ~:> e c t i o n wust L-e 1e:3i;nated . 1
( i u i:c> uon e by 

G. ..lllL L::; t h e l ocation i n f o rma t ion to the T;UlJcl:o·' C<H' · for e.-;.,ch equa-

tio n. Th e pro ~ram L > t he n run ···.'i t h .i uw~ key one ·-;e t an J. Hi t: an 

eq uu t ionc a 1 d lo c a ti o ns . 

i n t e rconn ectio n po ~ ~> i bl !.) . T' e o u t 1 u t i .. : ncn'·' .J. l!JEL . etic t:.'-;:.:: .ich 

c on tc..~ i!H:J all o f t he o c.:. t .... ;u t l in ts. 

s iJ 0r t i Gn of desi~n p r o c e eJur e s . I n w us t c 2 . ; e ;::; t 0 f i 1 e o f e . u a-

a ll the ot.: t :..- u t \'Jire s . 

f <~ w 0 r i n tu r c onne c t i on line s n eed r, e ::::;h om1 . TLercfor ~ , t:-e t:;,·e card 

... .~. e e:._.e d . . l. l s o ~ i f tbc Lu t a l Y1U:!'1b e r Gr ou t puts re uir.J,] 'J.rv L ~) re 

ca:;-·(, t y p e s rJ e co._;.s::.< ry ar:d to po i n t uu t c.ny error:.5 L t1 t: e u:~tioJ,_; . 

. o.vl e d 1_,e o f c ar r~ t ype s an d , al so , any co ... r..;ctions .na;1 

i'L e lle\'! i r ·1uts \'li. l l now all o11 the output of Jl l tl e •cv ~1·2d lL.;tr; 
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..._ ;_ ·,. i r·:. J .. t . c '-' s ~ j . 

f.:- . :.t ·.rt loc a t iuu =5 00 ' 

c . L. U 

2 . .none 

j . . ..i L)a c e r e :- uir e d. : 

.: u t e q U ,.l. t i o .u s ) 

) . .. larms : n one 

.ur r or r etur n;::; : rtun e 

?. 

(u-.t,y ._.e :c e ~:;tar t e <i if desired as t!:c r or.s :JiLL L)C indicat ed un 

.rin to.- t ) 

l u.5 ir. t if i;,con .. >ist<--ulciet.; i i der:.>.' .. taU.on 

are er.coun t ered 

(_._) .:.ov.I'CC t<-;.~,,-; : 

b . ('·: t put : 

(l) Ou t _Jut t ,e ~~ = I 
.LU_/ 

-~~ ; n d o u t IJ v._!: _ _ .:..--'2!~_u_u_t .:> : 

a . J !l 1). t : 

l" e .r e .f c 11 c ~._. t3 ) • 



(l) Input for card assi.~nw0I < t on.ly <..:umL ... h(:.y 1 not set): 

(d.~ ~::-.. ch tcr1~ t:JUG t con:::;ist of four alLJhc.tW.J.1..e ric 

( b ) L'he fu1~ction r;;ur.:; t be tl·c first b~rr.1 of the 

0qw:t tion. 

( c) T~e only restric tion~ on spacinG or loc a ti ons on 

tLe co.rd is tha t colurnw.; 7 '.J throur_)l 80 be se t 

.:..~; i de r or i nsert ion 0 f loco. ti ;)l~ ','vhc n a.;, :; ~~nea. . 

tcrs Nhcn used in ~ logical e ~u~tion ~ 

Gi,)Ll. C C + • I 

(e) All en tri e;;; follo•::in g • I ., • 

(:I.') ~~ muxi wura o f l G inpu t t ~x·w:-> ma.;;' be u.sed in an 

(h) 

eq \.W. tinfl 

fo:r ·I l'unc;tion 

.h13n in:J ertod ·~d1Y\'Jhcu·c:.: i'ullot;ri.n··· t h~1 _c_nuat:Lon , 
..-......................... --

I 
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flip - flo p~. ( ,JQl' Lo•.• jO) ( ul•e 

f'l i v-f :Lup k>t.) r c.~:r.·d) 

1 r~~mt <:tu-(i.tJ ( lJ l) (t n.t·c ~ in~ 
vort tH'O ~·gr card) 

'mt1mt Ci.trd;., ( .... 2) (thr.·oc in
ver l,g r ~ pt;:l:' Cl~:t:d ) 

clo c ~ curd~ (01) (t wo u ~ cilla
t uro l1®:r ca rd ) 



I rmu t c<Ird 

All o:t:-i'.J .:Le 
conten ts 

( :-:;L.gl e invGrter .3.:: ..... ) (three 
L.v er ~.e::.~~3 n~r car~:.) 

Jiode L:.r.c.,u t ( 0 J ) ( throe ,3e ts 
o ... ~ ~:.. Lre e ,, i::..ci.:.?s eac;h per ca.rd j 

( i) If ±~lip - flo ps ( serie ~3 30 ) de >i .n .. t:.~ d , the p cd.r 

in·1ut c,:;_.w.tlor.s should be a~' j ~-~. ceEt , ::.nd t h e im-

I; lici t i nput f.>houlJ be t .e first Cfl te :rw . 

( 2 ) I n pu t fo r complc te pr·osra.;, ( ju::;p key vne set; : I n 

aci ,'l_i tion to (a) through ( i ·: above , the l o c a tiO!"l wus t 

be t,yped i n t o col m,~ns 7'7 throu gh JO Ulld. chou l d · 1a ve 

t. 8 f oll owinr; for!r'·nt: 

'?7 

Ro·, COTlJEII 
--~-~--·+-----·-

_, t hru H C) l t hrtl 9 ·) 

--·----,-.--- --·-- -- ,. ___ .. __ _ 

A o r C ur 2.0 a!c~l jO serlcs 
or cloc:: .S04 

.~, J3 or C Co r o•J series c,r 3j{) 
-----~-- ---~-----------.--- ·------------~ 

c;olunm.:; 7 j th1·o u~1" 76 c."'tE be us~d t o ide:.. ti fy 
c;: t.a.; •. >i s . 

b . Out puts: 120 chara ct e r line ima~e i n ~rosraru c ontrol 

fo rm~t f or lis ting o n o u t ~ut tape A. 

(a) coE!I;;.e!: ts lir.es Vihcrt- applic.'c1.ble 

( b ) in ·L~t e qv~.a t icr. lL1es as rend in 

(d) tabulation of tl1c nu~;-~b;~r oi' card:=j nec8s:~ary to 
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( e) I.f an,y e1·ro r G oc•~u.;r , .;.·:Ch tH> t eo .a ny inpu ts ur 

Gy .:ncl i s placed in the ou t 1u t l iu~ ( a.lo'-l:> with 

em e:cro r stop ) . 

(2) Outpu ts for compl e te pr o5ram (jump ~ ey one set J : 

(a) L!. S above 

( b) inpu t er: u~.:. t ion l ines r. •i!l UG t he l,Q c a tion i n .!:' orma 

tion 

( c) out put Ll r en with l0ca t ion a n d c ~r d typ e 

follow e ~ b y l iot of o utp ~ t locationo (fo llo~ in~ 

eac!1 i n ~JLt t lin e) 

( d) c .. s abo ve 

(e) tatul a t ivn o;f vdr i ,; d. ;·_ta Cu;Jtaining t h e 

.follm. ing : 

( e -1) c ri z;in and des t ir<at .·i on by ro il , colu:nn <..i. I :d 

1--· in nup1bc r, if <.:ill i n t ern ,_._2. c ard or by 

desi~nation i f ext e r nal inp ut 

( e-2) ti ec ;L g nations o f t he a.bove ori :;in a nd 

~est ina tion s 

(e - 3) wire len~th i D inc hes 

(e-4 ) Gepa.r ation of .u-Ded g:·ouDG by .::>y : .. bo l *in 

l eft co 1 ur:,n 

l U. Se:.J.. e ctive l U t;:'.E_i~~;J_top ::;ett in :·, ~ : 

a. / irst run: n( n e - t o ob t d n Cc,tr d ty1:>eG 

b. 
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1 • 

l r..~cati oD in fortitr.~ tion 

1';lHl t: i. (.'!4G t -.l .Jut? l' : 
----··---·-··~-----

l' ( • u t i n c , 

•.. u.i·)·n,HJt <.: vn.f. i ;u ru.tio n : 
--·-------·-·- --~ --·--
1 00'7 tap~ lt'l\l .J.n t in~;;;; to inc 1 ude a '' D era t cr1 t<. pe ' ' on Ch4 .1.'UL1 

·:~ . l ()OL~ Cc,)l;.pu ter ln:st ru ction l.ook. , Vo.L . 1 , Jes cription 
d. nd Open .. tions , Control .J:;., tn C• ·I' t.)or ,.J t. ion 

b . H )Ol,. CO!Ppu·t or In :.:; Lructi.on '.: o()Jc , \'ol , 2 , El' lncl pals of 
0 p v r a t i ons • Co n t r o 1 ') ·. t u Go r p or· •:1. L Jon 

c . Jl , Lobertll lll u.n J ... . il:!'i!lboJr:_;ur , r'ortrnl 1'rocedu.J.'e:> fo r 
Co nnec:tir •. ~; J;cr::i i !Hl.lo w:i.th ·'l J.i n.i t .. U.ll\ 'l'otal ire Lanc;l~h , 

d , £.11 ~·; o c , ~~ v m l? uti n ~; 1. chi n lH' :v , Vo 1 • !.1 , no • /1 , 

'P ,? • 1; ·2·? - ii· '/i • 0c t.ol>t::r • 19c;•; 
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ORG 5 000 
REM P fll~ T ONE OF 'fHE LOCI 
I~ t= ~1 SU fi KOUT l NF ~ I H l C~ COL 
H t: ,.~~ LOGICAL E:QU ATlOI\S /IN 
R F. r-1 ON TH~ LI NE l:w'MEOIAT 

050 00 50 1 000 0 0 EN! 1 0 

et.Hrll ~g J ~ ocoB 
~\ll\ 0 

AllOlH:: 
. 0 8 ~8( ~ ~? 6 

05002 54 1 617 00 I SK 1 67700 
7~ 0 0 1) c 0 1 S L,J 0 1- I 
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20 0 06 0614 S T /~ n ccur~ r 
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74 7 52 COO E XF 7 l)2 000 
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05014 12. 0 0( ';.? 6 l.C i\ 0 GCFER 
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05015 75 4 0 '·, ;2 02 SL .. J t, F ILl. 
'50 0 00000 I ~ I~ I () 0 

050 16 50 0 OOCOQ EI.EV EIH 0 0 
·n~ 7 s~r.oo r :o:: 7 ')/ () ()() 

0~0 1 7 10 0 05.1 0 2 l:N/\ 0 OL TH;!' r ll 0 
l> l· 0 Q(')C O') S 1\L 0 5 

050 20 ., 4 0 520 22 C<F 0 5?0'2 
74 7 5 /. COO t::<F 7 152000 

050 2 1 '74 !) 0 t:~ ~,I C t::<F s OLJTI1UF+l 
74 7 l)? coo EXF 7 5 ~ 00 0 ,;:~ 

0~022 74 7 5/COfl F. l<F , 7 5.006 .. 75 0 O'JC :~7 Sl.J 0 T~!-LVI; 
05023 ., ij ~ 0').~02 1: XF I) OUTBUf+llD 

74 7 42COO t: XF 7 ~?.000 
05024 7Ja 0 ~?.()4?. t- ~< t= 0 4 2 {)I~ 2 

ttt 0 4200~~ [; )( t= 0 4200 .) 
05025 7 I~ I r. 0 0 t: >: F 7 1~/1 000 

i'4 () 4/()05 ' I t >:F 0 I~;? 0 0 5 
05026 ·n, 0 5~00~ '' t )(F () 5;.>005 

1~ 0 0 ') 2 'J 3 LUA 0 FLAG 
05027 22 0 0 ~I~ !> 6 ~\.IP 0 P" s s.~ 

10 0 oo coo t:: ~ II\ 0 0 
0~0 30 '0 0 05/~j 

l 
STI\ 0 FL 1-'G 

76 0 a'.)~~ s 6 SI..S 0 PI\SSj 
," 0~0 3 1 75 0 oo coo Oll TP lfr Sl. J 0 0 

74 6 l~ 2 COCJ E >:r ( 4?000 
05032 '0 051.'1•6 Sl'f\ {) TF.r.'dlt5 

72 0 0~310 I{ 1\0 0 JJJ\GF. 
0!)033 10 0 05~(16 t N.f\ 0 OUTGUF+150 

6 1 0 0 0 c () ~~ . St,L 0 ~~ 
05034 ~/4 0 ~ t.! c. 11 ~ 1: >.F 0 L1 2 Qll?. 

14 ., 42COO t;XF 7 L~?OOO 
05035 74 4 05?.6., E xr: ~~ OLT I"\ LJ F 

74 ., h:f.COO E~F ., 14? 000 
0~0:~6 12 () 0~ 2 ~6 L D.fl. 0 T E~P + 5 7 ,. 0 O~C-11 SLJ 0 OU 1PUT I .) 

050.:Sl 75 4 C~C77 T~ t: l. VE SLJ II F. X 1 1~ A C f 
50 0 OOC()O :;f'd 0 0 

0504 fJ ]'j 1& O'lC 3 1 s L.J 1. OL;TPUf 
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05014 l l 2 0 n ·_, ;? ~· 2 L r)/~ n S fl t~Ct: 
20 0 0'),?{)1' s r t, 0 Ol# T f\ Ut 

0501r2 20 0 0 r, ~ 0 5 s r r, c n L 1 fH H- + l 4 0 
12 0 O' j)l l l Ln\ 0 T !.: I" p 

0~ 01r3 50 0 OU CO O r- 1\j [ 0 n 
7S 0 0 1

) l 2 5 S I_,J '.l S!-:1\ RCH 
050 1• 4 50 ? oocoo O lS i~ S ) 1: ,\l I 2 0 

.so ::s oocou r.H ) 0 
0~0 11 5 so 1+ oocoo r- ,., I 1: {) 

tj3 i. 
go ~oo i- ''i I Ll n 

O!JOir6 ~ rl tl ' I IU I. ·\j 1) (l 

10 (J OO COO I> U\ 0 () 
0501, 7 1b 2 0'.J L~ >5 O'•Jt u:o ~ r rd-{ u F-

so () oo coo L ''J I () n 
050 50 0 5 0 COCO{) T r-10 1\ 1_ s () b 
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05 0~) 1 10 0 oocoo ! !'-l l\ 0 () 

07 0 00 (:06 L _ S () (; 

0 5 0~) 2 50 6 OOC13 i_~ ,lj f 6 I 1 D 
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0505 3 64 6 0') .~06 t: I~ S 6 L I S T 
75 0 0 '5 ~~ 6 3 \ LJ r, T:-iRCE 

050 54 10 (, oo cco i: i' l !:, 6 (J 

?2 1 0 ') () '16 i~ J [-' I /+? 
050 5 5 10 ~ oo coo j- i'.J ·'\ 'J 0 

22 0 0'-> C f2 J-\ J P ( I F lVE+ 2 
050 ~. 6 10 6 OO C0U ~~ .\j 1\ 6 0 

15 () 0 ,., .2 ~) ,, ')IJP 0 u r.; r r s 
050 S7 22 3 () ' ) I~ '( I AJP 3 FIVi- +1 

5 1 6 -, ( ( -, 0 I ; ~ I 6 -{ 
osot.o S5 6 0')(61 I ..J fJ 6 /+1 

75 0 0 'J c I' ~) SLJ {' 
" Ol~ 

050 6 1 55 6 O')C 62 I J I) 6 I+ I 
7'-.J 0 O'I C75 S -.....J () ()!-{ 

050 6 2 1 0 fJ OOCO G I~ \J /\. (/ ··) 

75 0 0 ') c (, 7 .) ·- J (j f- ClW 
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05070 54 2 OIJCJ O F r vt:: 1 SK 2 1 0 
75 0 0 I) Cl~ 7 SLJ 0 Oi\f 

0~0 7 1 54 :, OOC22 1 SK ~ 2 .~ 
75 0 0'j C-f3 SL.J G /r/. 

05072 75 0 0') C05 SL J 0 It, PUT 
so 0 oocoo t.. :\1 I 0 () 

05073 10 0 oo coo L 1\J/\ n 0 
?0 1 16COO S TA 1 ALFfl. 

05074 5 1 l OOC OJ li'd I I 
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05100 50 5 0 I) C l i Q c !\l I ~ 0 
16 () 0') '2-(0 LtJO (J OlJ TBlJF+ 1 

051 0 1 05 0 OU C06 f,LS 0 6 
?0 0 ()~ )11 1 ST/\ 0 Tt- ~·p 
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75 0 C':) I 0 7 ~ L ,J 0 /+3 
OS lO S 10 b oocoo I: l\i t\ {J 0 
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